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I. Introduction 
The problems of [Clst growing human population 
and protein deficit, particularly in the developing 
countries. continue to exert pressure on the 
fisheries resources available for exploi tation in 
the wild waterbodies. The increasingly limited 
opportunities in the capture tisheries sector have 
generated considerable interest in aquacu lture. 
The pOlential of aq uacu lture in meeting the 
increasing demands for fi shery products, 
generating income and profits and contributing 
to sustainable food supplies is considered to be 
quite s ignificant. 
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A recent repon of the Consultative Group on 
International Agricullural Research stated that 
within the next 15 years. fish farming and 
searanching might provide nearly 40% of all fish 
for the human diet and more than half of the value 
ofthe global fish catch. According to a report of 
the FAO, the world aquaculture production is 
likely to increase by 2.69 times by 2025, growing 
from 19.3 milHon tonnes in 1992 10 26.9 million 
tonnes in 2000 and to 51.8 million tonnes in 2025. 
Marine finfi sh production by farming isexpeeted 
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to increase from 0.36 to 1.0 million lonnes, 
molluscs from 3.5 million tonnes to 8.9 million 
tonnes and seaweeds from 5.4 mil lion tonnes to 
9.8 million tonnes from 1992 to 2025. In India 
the 1995 prod uction from coastal mariculture 
(mostly extensive to semiintensive systems of 
shrimp fanning) was reported to be around 
85.000 tonnes from an area of 0.12 million ha. 
The lotal mari culture production including 
shrimps, bi val ves and finfishes is expected to 
increase to 2 million lonnes by the year 2025. 
There is vast scope for the development of 
aquaculture in many areas, particularly in the 
tropics. However. thedevclopment of aquaculture 
is being increasingly subject [0 a wide range of 
environmental, resource and market constraints 
and scrutiny. The interaction of aquaculture with 
the environment may result in significant 
ecological changes. The expansion ofaquaculture 
in recent years has led to substantial socioeconomic 
benefits. It is generally held that the majority of 
aquaculture practices have had little adverse 
effect on the ecosystems. Nevertheless, some 
cases of environmental changes in coastal areas 
have occurred due to, for example, intensi ve cage 
culture operarions in Europe and shrimp farming 
practices in Southeast Asia, Latin America and 
the east coast of India. Aquaculture is competing 
for land and water resources and, in some cases, 
comes into conflicts with other resource users. 
There is growing concern about the effects of 
aquaculture operations and variou s types of 
industrial, domestic and agricultural pollution on 
the environment. In several cases, environmental 
problems have resulted from conversion of wetland 
habitats, nutrient and organic waste discharges, 
introduction of exotic species, chemical usage, 
and from the deterioration of water quality and 
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increasing acquisition of suitable sites by the 
corporate sector for aquaculture. 
The experiences gained from these issues have 
emphasised the urgen t need for the development 
of sustainable aquaculture with due ecological 
considerations. It is now widely experienced and 
believed that diversification of the species base 
of mariculture production systems (growouts) in 
polyculture through a careful choice of species. 
compatible among themselves, would minimise 
the ill effects of monoculture systems. 
2. Fish Supply and Demand 
The proportion of fish eating people in India 
increased from 27.7 % in 1987-88 to 39.7% in 
1996-97. Assuming that this proportion would 
increase at least to 50%, the total fish eating 
population in India by 2020 will be around 650 
million. Considering the optimum per capita 
nutritional requirement of fi sh of I I kg/year. 
the total quantity of fish required for domestic 
consumption by 2020 will be around 7.2 million 
tonnes of which (at the presell1 ratio of2.7 mill ion 
tonnes of marine fish production to 2.1 million 
tonnes of inland fish production i.e., 56.2% 
marine and 43.8% freshwater), 4.1 million to~nes 
of fish has to be realised from the marine 
fisheries sector and 3.1 million tonnes from 
freshwater capture fi sheries and aquaculture. The 
projected marine products exports by 2020 A.D. 
is 0.9 million lonnes, and hence, the total marine 
fish production by 2020 AD. has to he increased 
to 5 million tonnes. The current total marine fish 
production from the capture fi sheries seclor·(2.7 
million lon nes) and thecoastal shrimp aquaculture 
sector (0.08 million lonnes) is 2.78 million 
tonnes. 
Table I. Marine tish production requirements o r 
India hy 2020 A.D. 
f. Fishery resource potcntilll 
Mmine 3.9 million 1 
Inland 4.5 millio n I 
TOlal 8.4 million I 
II. Fish production )994·95 
(Fi~urcs of M inistry of Agriculture) 
Marine 2.69 mill ion [(56.2% ) 
Inland 2. 10 millio n [(43.8%) 
TOI:II 4.79 million t 
III. Human population :.md fi sh requirement 
a. Expc~lcd human population by 2021) A.D. 1300 mill ion 
b. Expected Ihh eating popul;llion by 2020 
c. Per capita nutritional requirement of fish 
d. Estimated requ ircment of fish for 
domest ic consumption by 2020 
IV . Marine fish production requiremcnl 
a. Maline 11.~h producrioll required by 1020 for 
650 million 
II kglyr 
7.2111.1. 
dOllh.':Slic consu mption (;:16.2% of 7.2 million I) 4.1 111.1 
b. Marine IIsh production required for export 
by 2020 ' 0.9 1ll .1 
c. Prescnt export 0.3 lIl.t 
d. Total requi rement by 2020 5.0 Ill.t 
c. Prescnt produclion by C<lpturc 2.7 Ill.t 
f. Present production hy cuhurc 0.08 Ill.t 
g. TOlal 2.78 m.t 
h. Additional quamity required 2.22 m.t 
V. Sources of marine fish by 2020 for 
domcstic and export markets 
3 . By continuing the current allnual y ield 
(Capture : 2.7: Culture: 0.08) 
2.78 m.! 
b. From future capture lishcrics beyond the )0 III deplh 
(total from capture fisheries: ~.7 + 0.6 =:U;( 1061) 0.60111.1 
c. From future rnarieulturc 180% shrimps. 
10% bivalves & 10% finfishes} 1.62 m.t 
Towl 5.00m.t 
This assessment shows that the country h~s .to 
produce an add itional 2 .22 million tonnes 01" 
marine fish (over and aoove the present 
production of about 2.78 million lOnnes) to meet 
the domestic (4.1 m.t) and export (0.9 m.il 
requirements by 2020. However. the additional 
scope from the marine fisheries sector is only to 
the extent of another 0.6 million tonnes: i.e .. a 
total of about 3.3 million tonnes ahhough the 
estimated EEZ potential is about 4 million 
tonnes. Mariculture in coastal shrimp farms is 
expected to produce about 1.7 million tonnes 
inc luding 80% shrimps, 10% hivalves and 10(* 
finfishes (Table I). However. the tOlal seaweed 
culture potential ah;me is est imated to be over 4 
million tonnes, which could be achieved in 
phases 01", say, 2 million tonnes by 2020. i.e .. 
25% of the global estimated production of a~t 
10 million tonnes hy 2020 (Tahle 2). Besides. 
low sali ne soil water sheds of ahout 8.5 million ha 
also offer good scope of saline aquaculture 
(Table 3). 
It is possible that any shortfall in the production 
from marine capture tisheries or maricul turc 
would be offset by com mensurate produc tion 
from the freshwa ter sector. As against the 
projected production 01"3.1 million tonnes of fish 
from freshwater capture fisheries and aquaculture 
by 2020, the produclion potential of thissector 
is es timated 10 be 4.5 million tonnes. 
Table 2. Aquacu lture potential of seaweeds in India by 2020 AD 
Resource Period 
(in tonne .. ) 2000 2005 2010 2015 2020 
Agurophylcs 80.000 3.35.000 ,.96.000 6.50.000 7.00.000 
Aiginophytcs 20.000 90.000 1.20.000 1.60.000 2.00.000 
CnrrngecllophYlcs 40.000 2.85.000 ).04.000 650.000 7.00.000 
Edible & Grct.:n Scawced~ 60.000 90.000 1.80.000 ).40.000 4.00.000 
Towl 2.00,000 8.00.000 14,00.000 18.00.000 20.00.000 
(Maximum potential : 4 million tonnes) 
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Table 3. Mariculture potentia l in India (land-based sali ne aquacu lture and sea farming ) 
SL T.A.(ha) P.C.A.( ha) C.C.A.(ha} CA.P. 
No Million Million Million Tonne 
I. Coastal land ba'>l!d 2.5 1.2 0.12 85000 
(shrimps) 
2. Hintt=rland saline 8.5 100 ha 200 
soil aquifcrbased (Haryana) (milkl1sh. 
mullets. 
pcarillpot. 
shrimp & 
giant prawn) 
3. Scafarming 
;) Actual seafanning 
a) Open sea (EEZ) 202 1.8 2 ha 15 
(Inshore 0 to ;Om depth ) (during 19(6) (mussci ) 
h) Bays. coves & gulfs 10700 ha Nil Nil 
c) Mainland brock· 2050 ha Sha 60 
ish water lake. .. & (CMFRI (edible 
estuarine mouths &PVT) oy~;acr: 
(Chilka. PuliC;::II. duling 
Ashtamudi. Vcmbanad etc) 1996) 
d) Inland lagoons & lak~<; 35000 ha Nil Nil 
ii) Stock enhancement 
programme 
a) Sear.mching 18 18 
(inshore (ilt"hore) Nominal Nominal 
o to 5001 (shrimp. pearl oyster. 
depth) clams and scacucumberl 
b) Artificial fish 
habitm: 
Boltom artificial 1.8 SO Reel'!;; 10 t during 
fecfs ( 10% of inshore) Nov . to Mar. 
Rooting fish 1.8 150 FADs. (12% of 
aggregating dev ice." (10% of inshore) fota l) 
T.A. = Total area: P.C.A. = Potential cultivable area: 
C.C.A. = Current cultivated area: C.A.P. = Current annual production 
3. Current Marine Fisheries Problems and 
Solutions 
Marine fisheries in Ind ia are characteri sed by the 
problems of stagnation in capture fisheries 
production and too many hurdles LO coastal 
shrimp aquaculture during the current decade. 
Environmental and socioeconomic management 
of coastal aquacul ture through the processes of 
diversification of shrimp aquaculture and 
seafarming is a challenging task. Coastal 
aquaculture and seafarming are very d iverse in 
terms of the people in volved, the resources used, 
thc farming practices followed, and the 
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envi ronmenta l characteristics o f the exist ing and 
potential sites. There are. however, opporiUni lies 
for greater expansion, adaptation and integration 
in the onshore sal ine aquaculture sector (in 
inland saline ecosystem and coasta l la nd 
ecosystem) and .seafmming prac tices wi thi n the 
total mariculturedevelopment process. Thiscould 
be achieved by progressively: 
a. Expanding and di versifying coastal shrimp 
aquacu I ture LO i nel ude other compati ble eand idate 
species. 
b.Expanding inland saline aquaculture from the 
present experimen tal activities in Hariyana to all 
the States in phases (the to tal hinterland sal ine 
arca is about 8.5 million hal 
c. Seeking to integrate small scale seafarming 
with the seafishing practices 
d. Undertak in g marine risheries habi tat 
enhancement through the construction of artificial 
reefs (AF's) and fish aggregati ng devices (FAD's) 
and searanching of premium stocks like shrimps, 
lobsters. crabs, groupers, mussels, pearl oysters 
elC, for the benefit of the coastal and hinterland 
communities and the industry (Table 3) 
The implementation of these programmes 
would make it necessary to consider allocation 
of excl usive fishing arid farming sites to the users 
over their respective areas of operation and also 
the protection of the stand ing stocks against the 
pollut ing effects of chem ical-based industries. 
4. Status of Coastal Shrimp Aquaculture 
Coastal shrimp hatcheries and growouts have 
come up all along the Indian coast (Figs I to 4). 
Cultured shrimp (penaeids) production increased 
steadily from 1990-91 to the peakof about 90,000, 
tonnes during 1992-93 but dec li ned to the current 
( 1995- 96) 70,573 tonnes from an area of 0.12 
million ha due to problems of diseases which 
struck the hatcheries and farms in the late 1994. 
With beLLer farming prac(ices, the production 
during 1996- 97 is expectcd to cross 100,000 
tonnes. The current shrimp aquaculture situation 
could be characterised as follows: 
a) Unfounded fears about the growth of shrimp 
farms along the Indian coast, and unnecessary 
hurdles to their sustained growth 
h) Inadequate handling of the farm emuents till 
late 1994, but proper treatment and use 
suhsequently 
c) Extensive to improved ex tensive system of 
farming hy small farmers «5 h'a) is predom inant 
(over 80%) wh ile sem iintens ivc to intensive 
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system of farmi ng by big farmers is carried Ollt 
in only less than 20% of the cultivated area. 
d) Clandestine import of shrimp seedlings from 
some Southeast Asian countries during 1992-93 
due to heavy seed deficit, paving the way fo·r the 
es tablishment of over I 70 hatcheries wi th 8 billion 
seed capac ity (Fig. 4). 
e) Occasional subs tandard cons ignmen ts of 
imported feeds resulting in environmental and 
disease problems. and a serious, but temporary 
setback to the industry, especialJy along the east 
coast; establishment of CPfeed mill at Red Hills. 
Madras (Chennai) and Higashimaru feed mill at 
Shertala, Cochin (Koch i) has reduced the need 
for import of feeds. 
The problems outlined above are now being 
managed by the industry (small as well as large 
farms) through the adoption of: 
a) Closed systems of farming in the growout 
farms involvi ng the appl ication of benovolent 
bacterial products. 
b) Secondary aquac ulture practices in thc 
reservoirs, drai n canals and bioponds. 
c) [ndigeni sation of seed and feed production JI1 
commerc ial terms. The candidate species now 
being sought after for secondary aquaculture 
include the seabass,grey mullets . milkfis h. 
groupers, breams, red snappers, se4:lcucumbers. 
pearl oyster, clams, ed ible oysters, mussels and 
seaweeds. 
Seed production technology for the commercial 
shrimp species such as P. indiclts, P. m0110dOIl, 
P. semisulcatus. P. merguiellsis alld P.japoflicllS 
were developed way back in 1985 at Lhe Narakkal 
(Kochi ) Field Mariculture Centre of the CMFRI. 
Based on th is technology one hatchery at Mopla 
Bay (Kerala) for P. indicus ( IOmillion capac ity) 
was established and commissioned during 
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Fig. 4. Shrimp harcheries and CMFRl 's contributions 
January-March, 1990. Anolher shrimp hatchery 
for P. mOl/odol/ (40 million capacity) had been 
established at Chirala, Andhra Pradesh under 
CMFRI consultancy. This hatchery was 
commissioned in March 1995 and 5.2 million 
seed (PL 20) was produced in three runs(Fig.4). 
However, it was only wi th the establ ishmen t of 
two public sector commercial hatcheries, one 
each in Andhra Pradesh and Orissa by the Marine 
Products Export Development Authority using 
imported technologies, private sector hatcheries 
began to be established on a large scale. 
Mosl of the formulated feeds used in India are 
imported ones and cost above Rs. 60/kg, which 
is beyond the reach of the small farmers. The 
Mahima shrimp feed developed by the CMFRl is 
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a low cost indigenous fonnula in volving a simple 
technology, which is suitable for production in 
the farm site itself. The cost of the feed is Rs 30 
per kg (half the cost of imported feeds), and its 
FCR of 1.5 : I equivalent to that oflhe imported 
feeds, and is both farmer Friendly and ecofriendly. 
Protein rich shrimp diets result in high nitrogen 
and phosphorus inputs into the eftluents. 
Therefore, intensive shrimp fanns currently tend 
to use feed in which the lipid level is increased 
from 8.5% to 13.5%, carbohydrate from 28.5% 
to 48.8%, and [he protein level reduced from 
40% to 20%. The use of such low-protei n, high-
lipid- high-carbohydrate, low-pollution shrimp 
diets coupled wi th increased aeration and 
probiotics in intensive shrimp farms has been 
found to be quite profitable and totally free from 
disease problems. Aeration and probiotics speed 
up aerobic decomposition of organic wastes and 
enrich the dctrital food chain in shrimp ponds. 
There is also a tendancy to incorporate in shrimp 
feeds glucans which st imulate unspecified 
immune reaction in shrimp agai nst a wide range of 
diseases (New, 1996). 
Shrimp Aquaculture vis -a-vis Coastal 
Regulations Zone (C RZ) Rules and 
Regulations: The aquaculture policy recentl y 
declared hy the Government of India (Mi nistry 
of Agricul ture, 1992) ensures protection of the 
coastal environment. The policy gives extensive 
guidel ines on how the coastal environment 
should he protected from possible pollution or 
other damages consequent on the setting up of 
aquaculture farms. While the CRZ rules prohibit 
any typeofconstruction within the500m landward 
from the HTL (High Tide Line), the aquaculture 
pol icy demands ensuring sea front as a 
condition for starling a farm , which certainly 
involves construction. Since hatcheries are 
permitted within the CRZ, it is only logical that 
aquaculture is also regarded as a pennissible 
act ivity wi thin the CRZ, but with appropriate 
provisions for effluent treatment and reuse or 
control measures, on which the aquaculture 
policy pronounced by the Government of India is 
also quite eloquent. The relevant extracts from 
the concerned Acts, Rules and Notifications are 
stated below (i.e., The Notification dated the 
19th February, 1991 framed under Section 3( I) 
and 3(2)(v) of the Environment (Protection ) Act 
1986 and Rule 5(3)d of Environment (Protection) 
Rules, 1986, Declari ng coastal stretches as Coastal 
Regulation Zone (CRZ) and Regulating Activities 
in the CRZ). 
a) The 1991 Notification imposes restrictions on 
industries, operations and processes in the CRZ, 
defined as the land between the low tide line 
(L TL) and the high tide line (HTL). 
b) Under 2 (i ii) of the 1991 Notification setting 
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up and expansion of fi sh processing units 
including warehouse are prohihited. This 
restriction seems too harsh and unreasonable 
c) Hatcheries, which inevitably require a 
waterfront are permissible 
d) Para 3 (J) prescrihes clearance for certai n 
activities within the CRZ. Clearance shall he 
given for any activity within theCRZonly ifil 
requires waterfront and foreshore aCli vi lies. 
This implies that if the clearance is obtained 
from the M inistry of Environment. aquacu lture 
farms can be set up. H owever restrictions 
prcscribed under prohibited activities slich as 
constructio n, land recl amation etc. impose 
unreasonable burden on the part of the farmers 
who inevitabl y require waterfront for th e 
construction and operation of farm s. 
e) In category In of the CRZ between 200 III to 
500 m, agriculture, horticulture, sail manufacture 
etc are permitted; aquaculture (aquatic agricullure) 
is obviously implied within agriculture as a 
permissible activity; construction of hotels! 
beach resorts is also allowed with prior 
approval , in this zonc. The Aquaculturc 
(Regulation)Aet 1995 of the State 01' Tamil Nadu 
permits aquaculture activity within the 500 III 
zone, albeit with somcenvironmentai safeguards. 
Moreover. it should be emphasised that the 
present coastal shrimp farmin g ac ti vities arc 
restricted only to the salt-affected coastal areas 
totalling 2.07 million ha (Table 6), which would 
otherwise remain only fallo w. With the 
introduction of shrimp farming, besides utilizing 
these fa llow lands, considerable prosperity has 
been created in the rural coastal sector. 
s. Present Status of Seafarming 
There is no commercial seafarming activity In 
India at present. However, in order to promolc 
seafanning, the CMFRl has established during 
1995 a total of eleven experimental seafarms, one 
each at: 
( I ) Andhakaranazhi near Cochin for mussel 
and pearl c ulture 
(2) Dalavapuram near Quilon for edible 
oyster culture 
(3) Adimalathura nearThiruvananthapuram for 
mussel and pearl c ul ture 
(4) Tuticorin for pearl c_ulture 
(5) Tuticorin for edible oyster culture 
(6) Mandapam for mussel and pearl culture 
(7) Madras (Ennore) for mussel culture 
(8) Dharmadam near Calicut for edible 
oyster and mussel culture 
(9) Padanna near Calicut for edible oyster and 
mussel culture 
(10) Mangalore for mussel culture 
(I I) Karwar for mussel culture 
The seafann (Iongline system) of 400 m' at 
Adimalathura has been installed over an artificial 
reef at a depth of25 m. Theresults of these farms 
are quite encouraging and arc dealt with in the 
subsequent sections. It should, however. be 
mentioned here that consequent on the· 
establishment of these demonstration farms by 
the CMFRI, over 20 mussel and edible oyster 
farms have been established in late 1996 in the 
northern Kerala backwaters, estuaries and 
closeshore bays under financial support from 
IRDP- TRYSEM, and these fanns are expected to 
be harvested in April-May 1997. Similar is the 
case with the Ashtamudi backwaters near Quilon 
where over a dozen ed ible oyster farms would 
come to the first harves t in January-February 
1997 a nd the second harvest in May 1997. 
6. Opportunities for Inland Saline Aquacultnre 
Results of the c ulture of marine fish and prawns 
in the saline soil ecosystems in Haryana (Tables 
4 & 5) conducted by the Central Institu te of 
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Fisheries Educat ion (CIFE), Bombay have 
indicated great potential forsalineaquacuiture in 
all the hinterland sal ine ecosystems which arc 
estimated to be about 8.5 million ha (Table 6). 
Saline-alkali soils occurring in arid and semiarid 
areas in India arc considered to be unlit for 
agriculture as Ihesolublesaltsarea great limiting 
factor. Special auempts have been made to uti) ise 
these lands for the cul ture of marine fish and 
prawns by tapping the ground saline aqui fer 
through tubewells. 
7. Diversification of Mariculture 
Depending on the geographical and ecological 
diversities, lhece are vast differences in the 
availabi lity and suitability of areas which can be 
developed ror mariculture (land-based saline 
aquaculture and seararming) and also in the 
candidate species available for cultivation. 
While the shrimps and the finfish (grey muliets, 
milkfish, pearlspot, seabass, groupers, red 
snapper, breams and pompanos) are suitable for 
fanning along the entire Indian coast (particularly 
along the southwest and southeast coasts), the 
other items could be c ultured a long narrow 
geographical ranges; c.g., the seacucumbcr along 
the coasts of Tamil Nadu and Lakshadweep; 
pearl oyster along the coasts of Tamil Nadu 
(Gulf of Mannar & Palk Bay), Kerala, Gujarat, 
Lakshadweep & Andaman Islands; edible oyster 
in Andhra, Tamil Nadu, Kerala, Kamataka and 
Table 4. Physicochemical properties of water in 
the Sultanpur (Haryana) saline aquaculture fann 
during 1984-85 
Salin ity 6.0 to 15.6 ppt 
D.O 6.35 to 8.7 mgll 
CO, 2.5 [0 4. J mgll 
pH 7.35 to 8.35 
Temtx::rature 5.8 10 36.8·C 
TOlal alkalinity 90 to I 17 mg/l 
Table 5. Compositc culturc of fish and prawn in a 0.025 ha pond in the S ultanpur 
(Haryana) saline aquaculture farm during 1984-85 
Stocking Si7J! Harvest Size 
Species Durat ion Rates or Area No. Stocked Mean Mean Mean Mean TOtoli 
stocking (ha) length weight length weight harvested 
NoJha (mm) (g) (mm) weight (g) 
Pemlt!l'.f mOllOdoll 10 month); 40.000 0.025 to.ooo 20 0.06 200 72 .7 362.5 
MIiKil C'l'f"IlIIII,r 10 months 10.000 0.025 2.500 25 1.0 400 525.5 7K75 
C IIal/oS d lllllO,f 10 months 10.000 0.025 2.500 25 1.0 415 520.0 842.5 
Elrop/us ,furafelLfi,.. 10l11Omhs 15.000 0.025 3.750 30 1.75 150 140.0 542.5 
The production rate wa<;;: P. IIWIIO(/Oll : 1450: M. cepha/lfs: 3150: C.ellI/lltlS: 3370: E..wmleIlJi.c 2 170 kglha/yr 
Gujarat; mussels in Andhra, Tamil Nadu,1<erala, 
Karnataka, Goa and southern Maharashtra; 
windowpane oyster and red clam in Andhra 
(Kakinada Bay); clams in Kerala, Karnataka, 
Goa and Maoorashtra;' and the seaweeds mainly 
in the Gulf of Manna., Gulf o~ Kutch, Kerala 
backwaters, Chi lka lake, Pulicat lake, and the 
lagoons and lakes in Lakshadweep and Andaman 
& Nicobar islands. However, it is very important 
to note here that the CMFRI 's location testing 
efforts have proved beyond doubt enormous 
potential for pearl culrure in Orissa, Andhra, 
Karnataka and southern Maharashtra in both 
onshore captive systems close to the shore and 
inshore seafanns. 
8. Packages of Mariculture Practices 
8.1. Microbial biotechnology for sustainable 
shrimp aquaculture 
8.1.a. Shrimp diseases: Diseases seldom 
appeared a~ a major problem in the traditional 
extensive type of shrimp culture systems. But 
with the development of large scale farmin g. 
inc idences of diseases and mgrtalities emerged as 
a major threat in mosL of the countries. 
Many of the microbial agents of shrimp diseases 
form part of the natural-microtlora of marine and 
brackishwaterecosystems. These microbes are 
opportunistic pathogens and cause di sease when 
shrimps are s ubjected LO s tress. Poor 
environmental conditions constitute the most 
important factor responsible for stress <lnd 
disease in aquaculture sys tems. S hrimp diseases 
are caused by viruses, bacteria, fung i, parasites, 
algal toxins, mycotoxins in the feed , nutrit ional 
deficiency, adverse environmental condit ions 
etc. (Fig. 5). 
SHPIMP DISEASES 
, 
Virol 
SEtlJY 
MBV 
YHV 
IHHNV 
HPV 81<:. 
~ I 
Inf.ctioul di.Sloati 4 Noninfectious 
diseases I 
Bact.rial 
+ Vibriosis (VtInfIIiIltJnIn, 
V.a/pinDlyficusJ 
LUlI.isCIII,t Vibriot: 
fl/.ha"""yi, I/. ._idus J 
Filamentous bacteria 
(L.ucolhrix J 
~ l 
FU"9Ql Porositic 
, ~ . 
L69MfAm Ectococ,.,.,sais EndOparasite's 
F u$(1ri11m + " 
St:/f1tf*9nio Vorlic"'a Gregorines 
IApfoll9nio Episfylis ~ridions 
Zoolhtlmnium 
Fig. S. Common shrimp diseases and their causes 
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l 
Solbhell 
syndrom# 
Bloc:kQilt 
disease 
Red shrimp 
dis ... etc 
Table 6. Salt-affecLed soi ls in India (area in '000 hal 
Stule Coa'ilal Hinterland Total 
And hm 2833 530.0 813.3 
Bihar 400.0 400.0 
Gujar.lt 302.3 912.1 1214.4 
Haryana 455.0 455.0 
Kammaka 86.0 3 18.0 404.0 
Kcrala 26.0 26.0 
Madhyaprndc.<;h 242.0 242.0 
Maharashuu & Goa 88.0 446.0 534.0 
Orissa 400.0 400.0 
Punjab 519.5 5 195 
R .. jnslhan 1122.0 11 22.0 
T:uui J Nadu R35 256.5 340.0 
UUar Pradesh 1295.0 1295.0 
West Bengal 800.0 800.0 
TOIaI 2069.1 64%.1 8565.2 • 
(i) Viral diseases: SOl11cof the importanL viruses 
known to affect P. monodon arc: Monodan 
baculovirus (MEV), sysLem ic eCLodermal and 
mesodermal baculovirus (SEMBV), yellow head 
virus. infectious hypodermal hematopoietic 
necrosis virus (IHHNV), hepaLopancreaLie 
parvo-like vi rus (HPV), lymphoid organ parvo-
I ike virus (LOPV), LypeC baculovirus. baculovirus 
penae. reo- like viruses cLc. Among these 
viruses. the whilespot discl:1Se causing virus, i.e., 
SEMBV caused severe economic losses in 
Japan, China, Thai land. Indonesia and India. In 
India., the disease was first noticed towards the 
end of 1994 along the easL coast. The disease 
spread very rapidly LOLheoLherparlSofLhe counLry 
and by 1995 almosL all mariLime SLaLes where 
shrimp culture was being carried oul were 
affecLed by Lhis disease. Apart from a number 
of shrimp species. this vi rus has been reported 
10 affect other cruslaceans including crabs and 
barnacles. 
In the case of vira l diseases, chemotherapy is 
not effective once the disease has set in because 
viruses arc intracellular pathogens and any 
chemicals affecting viruses wi ll affect the host 
tissue also. Hence, preventionofthedisease is the 
mosL impOrLanL sL raLegy. The meLhods of 
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prevention include stocking of healthy larvae 
maintence of good water quality and pond 
condit ion - disinfection by liming. chlorination . 
halogen treatment. use of iodophores. reservoir 
concepts etc. prevention of entry of carriers 
improving the d isease resistance of the host 
using immunostimulants 
(ii) Bacterial diseases: Vibrio spp are the most 
common among the various bacterial agents 
known to causc problems in shrimp 
culLure. These bacteria are the predominant nora 
of the marine env ironment and several 
s pecies s uc h as V. a Ig i l1olytic us. 
V.parahaemolyticIts. V. VUll1ijiCIiS etc. have heen 
involved in shrimp mortalities. Luminisccnt 
vibrios. V.lwrve)'i and V.splendidus cause severe 
monalities in hatcheries. The filamentous baelcria 
s uc h as LeLl colhrix may be found as 
cctocommensa ls and may cause mortality due to 
hypoxia and impairment of mOUlting. 
(iii) Fungaldiseases: Among the fungal pathogens 
or shrimp, LegellidiuUJ is the most prevalent in 
larval and early postlarval stages. Mortality may 
reach 100%. Fusarium. Saprolegllia. LeplOlegllia 
etc. are the other fungal pathogens of shrimps. 
(iv) Parasitic diseases: Ectocomlllcnsais siJch 
as Epistyiis, Vorticella and ZoOlhamnium attach 
on theeyes.gills. appendages and body surfaces 
causing respiratory and locomotory difficulties. 
Endoparasites such as the gregarines and the 
microsporidians may cause mortalities. 
(v) Non-infectious diseases : 
(a) Chronic softshell syndrome- due to nutritional 
and environmental factors 
(b) Red shrimp disease - due LO the presence of 
aflatoxins in feed , poor water quality etc. 
(c) Blackgil ldisease - duetotheprescnceoftoxie 
substances in water. organic loading ctc. 
(d) Dull hardshell disease - due Lo excessive 
calcium and phosphorus mobilisation as a result 
of overfeeding 
Most of the disease control methods are based on 
preventive measures. They arc: 
(i) use of healthy postlarvae for stocki ng 
(i i) quarentine measures 
(i ii) use of adequate balanced diet 
(iv) use of geneticall y resistant stock 
(v) use of immunostimulants 
(vi) chemotherapy (chemicals and antibiotics 
must be used with ulmOSlcaution to minimise 
the danger of residual effects and developmcntof 
antibiotic resistant strains) 
S.l.b. Biotechnological tools for disease 
problems: Disease problems in aquaculture can 
be controlled with the application of various 
biotechnological methods. The four critical areas 
where microbiological and biotechnological 
approaches have impacted or will significantly 
impact aquaculture are development of tools for 
environmental management including the usc of 
probiolics and bioremedialion, development of 
sensitive, rapid and inexpensive diagnostic tools, 
development of vaccines against bacterial, viral 
and parasitic pathogens, development of tools for 
the nonspecific enhancement of immunity 
(invn unosti mu lants). 
The workhorses of biotechnology are the microbes, 
and today, they seem to provide many solutions 
to manmade problems. Biotechnological 
answers are emerging rapidly not only for 
detoxifyin g the environment throu gh 
bioremediations, but also to enhance our natural 
resource utili sat ion by b ioconversion and 
appl ication of probiotics. The four major 
categories of biotechnological applications 
involved in solving environmental problems 
include: envi ronmental monitoring 
bioremediation, ccoproteclion. 
(i) Environmental monitoring: Nearly 80% of 
shrimp diseases are caused by stress induced by 
environmental factors. Bioindicators (such as the 
Daphnia and trouts in freshwater systems) could 
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be used as indicators of pollution. Butbioindicators , 
are difficult to maintain as they are ex tremel y 
sensitive. Hence, si ngle cells of an organism are 
used as biosensors. Toxins that affec t the 
metabolism of microorganisms also affect their 
respiration. Production of carbondioxide leads 
to measurable pH changes. Rodtox is a 
biosensor developed in Japan for measuring the 
biological oxygen demand (BOD) which indicates 
the increased oxygen use by organisms or the 
toxins based on the inhibition of respiration. 
GBT Tox Alaml is a biosensor from Gcrmany, 
which can detect even O. I ppm of cyan ide. In the 
US, the luciferace enzyme fTom the tirelly is 
used as a biosensor. It detects intracellul ar 
'levels of ATP, the energy indicator of liying 
organisms. However, these sensors cou ld be used 
only to monitor the environment in batchcs. and 
not in a continuous mode. 
(ii) Bioremediation and ecoprotection: 
Detection does not lead to cure. Hence. coupled 
with the use of biosensors, bioremcdiation has 
to be resorted to, using microbes of novel 
catalytic capabilities. Bioremediation steps 
include: ( I) the selection of III icroorganisllls 
possessing specific abi lity to detoxify 
unfavourable chemicals, (2) development of 
enzymes and proteins that can catalytically 
convert these wastes, and (3) bioprocess 
technology to harne ss the se abilities. 
Pseudomonas strains detoxify through a numhcr 
of enzymatic steps encoded by genes contained 
in their megapJasmids. Some strains also produce 
enzymes that can breakdown the nitrogenous 
compounds to ammonia and carbondiox ide rather 
than to some other byproducts. Specifi c, 
nonpathogenic, pigmented , spore-formi ng 
bacterial species of Bacillus isolated frolll 
sed imentsofPokkali ponds at Narakkal (eochin) 
are found to inhibit the growth of pathogenic 
bacteria like Vibrio allguillarum, Aeromonas 
and Escherichia coli by competit~ve growth or 
by producing antagoni stic antibiotics. 
II 
Table 7. Species of Bacillus of probiotic value 
Species 
I . IJ(/(:illlls I:erell.~ mycoidex 
(Bacillus .wb,Ws group) 
2. Bacillus lIIet-:aferilllll 
(Bacillus !il/btilis group) 
3. BlIdllll.~ II/I/{: (I:'i;.t 
4. Bl/f.:illus llt-:Kimllerl/flIS 
5. Bm;illu.( ("(lnifaRinolls 
6. B(lcillm illosus 
7. B(/cillu.t illlrieltlll.~ 
Characteristics 
Colonies over the surface ..yilh cUiving filan'M:llIs radiating out from the central 
growth. feathery appearance: growt h lIlay be dry. gummy. moist 
white, greyish while, yel lowish. brown or black 
Colonies smoot h while butyrus, shiny, rod shaped Gram-positive 
Colon ies mucoid, semi-transparent rcsmbling drops of p.'l<;(e 
Co lonics small. round. grey ish 
Colon ies thick. round & compact. and CQuid be lifted from the agar entirel y 
Colon ies dry luslrelcss and laminated. finely wrinkled 
Colon ies widespread. whitish. fl at. mycel ium -l ike ingrowth into the agar, 
containing filament<; with numerous septa. 
Colonies of spore-forms of Bacillllso f probiotic 
value, most often observed in the aquat ic 
environments, have been identified (Q be the 7 
species shown in Table 7. All of them can be 
mass cultured and used as probiotics in their 
logarithm ic phase when their enzyme potential 
is maxi mum. They exhibit antagonism towards 
other heterotrophs, and hence. could be 
successfully used as probiotics to control microbial 
diseases in aquaculture ponds. As they arehighly 
proteolytic. they eas il y mineralise the faecal 
matter and left-over feed putrified by other 
heterotrophs. By active mineralisation the pond 
environment is made clear. Bacillus can act as a 
host defence barrier by making the target 
epithelial cells unavailable to pathogens through 
competitive exclusion . The antibiotics produced 
by these seven species areenvironmenl friendly. 
The Bacillus strains are biodegradable after their 
act ivity. The most effective mode of act ion of 
Bacillus is now known LO be by 
immunostimulation. 
The performance of Bocii/lls is intluenced by the 
inoculum level, species of shrimp or other 
organisms tested, stage of maturity, level of 
stress and quality of the reaTing pond 
environmenl. Because of this wide spectrum of 
variables. there is a broad range of response to 
probiolics and the plethora of-positive responses 
span a wide range of experimental protocols. 
According to Moriarty ( 1996), microbial 
ecology and biotechnologies have advanced 10 
the point that commerci{l l products and 
Table 8. Commercial probiotic products and imrnunostimulants used by the aquaculture industry 
Prohiotics 
I. OMS 1000 series 
2. Synerbac 
3. Wunapuo- IS 
4 . Biostart'rM Bio-brews 
5. Aq,ua bacta aid products 
6. Aquakalgon· 
7. Aqua buck up 
8. SpeC'I~l b:.IC 
9. Immustim (pu rified Bl!ta 
J .3- D-glucan) 
10. Aqua<; tim 
Manurac~urers/couotry 
ARDA-TEK Australia 
-do-
Team Aqua Corpo-ration, Thailand 
USA 
Water Quality Sciences 
International Inc., 
JJSA 
Wockhardt Ltd (India) in collaboration with 
Techllique..~ ct Biochimie Applique..<; (TBA). 
Paris. 
Ecomax India 
Proposed by CMFR I 
Imlllu Dyne Inc, USA 
College of Fisheries. Mangalore, India 
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Price(R'i) 
3.000 
-do-
6.000 
5.000 
5,000 
5.000 
Quantity 
5lilres 
-do-
2Hg 
Slitre..<; 
5 kg 
5 kg 
NUlrieO! eyeliner in the water column and oond hnuom accelerated by the addi tion of probiotic products 
Shrimp culture 
Il!!ill! 
• uncon,sumed feed } Probiot product 
• organiC wastes ---t Remain---t Accelerated -7 e prOieins }-; Ammonia -7e Microbial -; Improvco; -; Favourable 
• dead algae suspended decomjX)sition/ • polysaccharides Nitrite removal of water plankton 
in water transform:l!ion. lipids H~S toxic wastes quality production 
other tox ic eLow turbidity and shrimp 
metabolite." .Maintains pH growth 
balance 
_____ ....,) Accelerated / Sl!ule 10 
pond bottom t 
Probiotic product 
decomposition! ~ 
(r:msfomlation 
.protem }~ Ammoma ~.Mlcroblal ~ Improved 
epolysacchandcs Nl1ntc removal of pond 
.hplds H ~S tOXIC wa."tes bollom 
other toxic 
metabolites 
Fig, 6, Nu(ricm cycling in the water column and pond bottom 
accelerated by the addition of probiotic products 
technologies arc available for treating large areas 
of water and land to enhance population densities 
of particular microbial species or biochemical 
activites. The bacteria that are added must be 
selected for specitic functions that are amenable 
to bioremediation and added at a high enough 
population density and under the right 
environmenlal conditions. The efficacy of 
bioremediation and probiotics depends on the 
nature of competition between species or strains 
of bacteria. A normal shrimp culture pond has 
many different types of microorganisms. The 
most numerous types are those that are very 
efficient at reproducing themselves. These types 
make use of the detritus that accumulate on the 
pond bottom and rapidly build up their biomass 
by growing and replicating themselves. But, what 
is desired is a major reduction in the detritus 
without the growth of biomass. In otherwords, the 
types of bacteria lhat we want in the system are 
those that are less efficient at reproducing 
themselves, but are highly efficient at reducing 
the amount of detritus in the pond (Fig. 6). A 
variety of probiotic products are commercially 
available and are used by the aquaculture 
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industry for environmental managemenl 
(Table 8). 
(iii) lmmunostimulants: Most of the 
immunostimulants used are of fungal or bacterial 
origin (viz., B I . 3-glucan derived from fungal or 
yeast cell wall; lipopolysa~charides and 
peptidoglycan derived from bacterial cell wall). 
These compounds stimulate the nonspecific 
defence system inthe crustaceans by theactivation 
ofthe prophenol oxidase system (resulting in the 
production of melanin at the site of infeclion 
which possesses antimicrobial properties), 
stimulation of phagocytosis and encapsulation. 
However, the efficacy of these immunostimulants 
against viral infections st ill needs further 
investigations. 
Immustim is an immunostimulant develope'd hy 
Immu Dyne inc., USA, for shrimps and 
marketed worldwide. The College of Fisheries, 
Mangalore has developed a similar product 
called aquastim which has been successfull y 
applied incommcrcial farms (Dr. I. Karunasagar. 
personal communication). As the immune system 
in shrimps is rather weak, weekly application of 
aquastim is necessary. 
Table 9. Economic pro me of trade in pearls in India and transfer of technology by CMFRI 
- India' s 100ai pearl production 
- Country's impol1s annuall y 
• Product ion target by pearl culture in India 
· Jupan's pearl production 
• China's pearl produc tion 
· USA's pearl production 
- World I)roduction 
20 kg SPIC TNFDC P:lOchnratna 
D kg 2 kg 5 kg 
72S kg, wOl1 h Rs. 290 million 
1000 kg. worth Rs. 500 million 
63375 kg marine 
199500 kg frc.."hwale r 
9.:\75 kg marine 
276.6 t ( 199.5 t freshwater: 77. 1 t marine) 
Table 10. Development of pearl culture technology in India by the CMFRI 
I. Firsl pearl produc tion in India 
II. Firs t hatchery production o f pearl oyster in India 
III . Development of land-based pearl cu lture technology 
IV . Suecc. ... "fullocation tes ting for site selection for pearl 
production 
V. Numbcrof pcarls produced by CMFR I through an 
investment of Rs. 8. 10.500 at Tuticorin 
Number of pearls sold 
V I. Technology tr::lI1sfer expeliments al 
Valinokkam. Gulf of Mannar 
TOlal expenditure 
Total pearls produced 
Pearls g iven to famlCrs a" wages 
Balance pearls sold 
Revenue earned 
VII. E"tablishment of Tamil Nadu Pearls Ltd. 
Duration 
Towl expenditure 
Pearls produced 
Pearls sold 
VII I. Sponsored projects for pearl culture 
I . Donor 
Year of allocation 
Amounl 
Location 
2. Donor 
Year of allocation 
Amount 
Period of operation 
Localion 
3. Donor 
Projcct 
Period of operalion 
Amount 
Year Location & Results 
Jul y. 1973 
AuguSLI98 1 
1995 
TUlicorin. Gu lf of MannaI' Tuticorln . 
mol t uscanshell fishhatcht: ry 
Kakinada. Visakhapatnanl. 
Madra. .. & Mandapam 
Vizhinjam Bay. Kernla 
Mandapam. Tamilnadu 
Laks:hadwecp 
Gujarru 
1976 
1985 
1986 
1987 
1994 Calicu!' Andhakaranazhi (Cochin) 
No. of pearl oysters 
1973- 1978 
1978- 1983 
1983-t988 
1988-1995 
1995 -1996 
1994 - 1996 
harvested 
605 
768 
3576 
6365 
7583 
1173 
( 180.72 g) for Rs. 1.28,668 
1-7- 1991 to II -R-1992 
Rs. 36.312 
1.849 
250 
1,599 
Rs. 73, 134 
4 years 
Rs. 6.9 million 
13 kg 
4 kg for Rs. 0.782 million 
Department of Ocean DevelopnlCnl 
1995 
Rs. 2.5 million 
Mandapam Camp 
ICAR 
1~96 
Rs. 3.0 million 
8 years 
Mandapam Camp 
Dept. of Biotechnology 
Tissue cultured marine pearls 
May, 199410 May. 1997 
Rs:. 2.207 million 
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No. of pearls 
obtained 
428 
443 
1390 
2111 
2666 
8.2Pearl oyster fanning and pearl production 
The world production of marine pearls was 78 
tonnes valued at US $ 1092 million during 1993. 
Japan sti ll holds the monopoly in the production 
of marine pearls. A lthough India had the 
distinction of developing the cultured pearl 
technology in 1973. it could not commercially 
produce pearls for world trade. The country has 
ample scope to develop and expand the cultured 
pearl industry in different locations along both 
the weSt and cast coasts and the Andaman & 
Lakshadweep waters (Tables 9 & 10). 
MOU's signed or proposed by CMFRI during 
1996 for transfer of pearl culture technology 
I) NCC Blue water. Chandanada. Andhra 
Pradesh 
2) Gem Ho liday Resorts Ltd., Madras. Tamil 
Nadu 
3) Balaji Bio-tech Ltd .• Nellore. Andhra 
Pradesh 
4) 
5) 
6) 
7) 
MIs Sterling Shrimpex (P) Ltd .• Chirala. 
Andhra Pradesh 
Mr. Jagadeswara Rao, Yisa khapatnam. 
Andhra Pradesh 
Smt. V. Sarala, V isakhapatnam. An"dhra 
Pradesh 
Mis Aqua Prime International, NeJlor~. 
Andhra Pradesh 
Six spec ies of pearl oysters. namely, Pil/(;lllda 
fucala (Gould ), P. margarit(fera (LinnaclIs). P. 
chemll iru (ph ilippi ), P .. wgillata (Reeve) and P. 
atropurpurea (Dunker) have been recorded in the 
Indian waters. Among these. P./L1cata is the most 
dominant species. Jt occurs in large numbers in 
pearl oysler banks known as 'paars' in the Gulf 
ofMan nar and in the intertidal reefs known as 
'khaddas' in the Gulf of Kutch. P . .lileala is the 
only spec ies which has contributed to the pearl 
fisheries in these two gu lf regions. Along the 
southwest coast ofindia. particularly at Vizhinjam 
Table II. Expecled economics of onshore marine pearl culture in the urban vic inity ofVisakhapatnam 
(project started in late 1996) 
(A) Nonrecurring (capital investment) 
Cost of land ( I ha) 
Cost of 16 tanks of 4.000 m~ total with hard bottom and roof (@ Rs.2501m! per tank) 
Cost of backyard hatchery 
Cost of pumping. aer.ltion and ~socia(ed structures 
Power in.<;tallation and gencr.Jtor 
Cost of algal production system ( IOO t/day) 
Cost of oyster cages and suspending m.aterials 
InSlrumenlS for lab 
Total 
(8) Recurring (working capitnl ) 
Wages 
Nuclear beads 
Instruments for implantation 
Chemicals and glac;.o;warc 
Power charges 
Repairs and replacement 
Total 
Repayment oftenn loan (A) with interest spre..-td 
over 5 years 
Grand total 
(C) Re\'cnue 
Total gross return from 1.25,000 pearls @25%yieldand Re;;. 4Ulpearl (total implanted 
oysters 5.00,000) 
(D) Nd profil(C - B) 
Percentage of profit 
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Rs. 
10.00.000 
10.00.000 
5,00.000 
3.00.000 
2.00.001 
2,00,000 
10,00,000 
2.00.000 
44.00.000 
6.00.000 
5.00.000 
50.000 
1.50.000 
50,000 
50.000 
14.00.000 
1.30,000 
27.00.000 
50.00.000 
23.00.000 
85.2 
and Calicut. large numbers or spat of P. jucafa 
have been collected from mussel culture ropes 
in the I 980s. P. margaritifera is confined mostly 
to the Andaman Islands where it is common in 
some places, but it also occurs in the Vi zhinjam 
bay in stray numbers. From the Lakshadweep, 
spat of P. Gnomoides has been recorded on the 
ridges of rocks and corals. 
Raft cu lture, rack culture, onbottom culture and 
onshore culture are the4 methods of rearing pearl 
oysters. Pearl oysters can be successfull y reared 
in 501 capac ity concrete tanks fill ed with clean 
seawater. Mother oyste rs/seeded oyste rs 
numbering a minimum of 5 lakhs (maximum 
of 10 to 15 lakhs) can be successfully stocked 
and grown in tanks of40oo Ill ' each, with a depth 
of 1.5 to 2 m (Table I I ). Besides the above four 
methods, longlines and underwater platforms are 
also used in some parts of the world. 
The colour o f the cultured pearls largely follows 
the co lour of the nacre of the shell of the pearl 
oyster wh ich produces the pearl and is genetically 
determined. Besides this, the nature of the culture 
site, depth, li ght penetration, feed, water quality, 
and the mineral s and trace elements in the 
seawater also determine the pearl colour to some 
extenL Graft tissue preparation isalsoan important 
factor in determining the quality of pearls. Now a 
days in Japan. various chemicals and drugs are 
used to condition the oysters and make them grow 
heal thy and produce good quality pearls. For 
obtaining good quality pearls in the seafarms.lhe 
oysters should be grown at depths of 5 to lO m. 
Strong sunlight on oysters must be avoided since 
sunlight can induce nacre secreting cells (0 
produce calcite crystals to fonn prismatic layer 
over the nucleus resulting in poor qual ity of 
pearl. A lternatively, pearls could be grown in 
shallow depth of 1 to 2 m in onshore lands and 
sea farms by appropriately shutt ing off the 
natural light (Figs 7 to 10). There is very high 
potential for theculture ofhalfpearls by implanting 
a number of half beads in holes made on the same 
shell ; after implantation the oysters are released 
in the growouts, where the mantle secretes the 
nacre around the beads, resulting in pearls. The 
advantage in half pearl prcxiuclion is that it is 
equally costly or even costlierthan full pearl, the 
technique is much less demanding jn skill and 
upto 10 half pearls could be produced from a 
single oyster. Halfpearl production wi ll be part 
o f the consultancy package proposed to be 
offered by the CMFRI si nce 1997. 
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Fig. 7. Pearl culture prospects in India 
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8.3. Edible oyster culture 
The edible oysters enjoy wide distribution along 
the Indian coas t. Out of the s ix species. 
Crassostrea madrasellsis. C. gryphoides, C. 
rivularis and Saccostrea cucullata are 
commercially importanL There is increasing 
interest in oyster culture in the tropical countries 
in recent years as they are a great delicacy and 
there is growing demand. Apart from the 
edibility of the meat, the shells have various 
industrial and agricultural uses. Theediblcoysters 
are euryhaline and OCcur in estuaries. creeks, 
backwaters. lagoons and shallow coastal 
waters. S. cucullata is a purely marine fonn. C. 
gryphoides occurs along north Karnataka, Goa 
and Maharashtra. C. rivularis occurs along the 
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Fig. ll. Distribution of edible oyster in India 
and areas sui table for oyster farming' 
coastal creeks of Gujaral where they arc 
exploited mainly for the shells. S. cucullaw 
is distributed throughout the Indian coast on 
rocky substrata in shallow intertidal arcas and 
wi thstands surf and wave ac tion (Fig. II ). 
The fannin g methodsare broadly divided into: (i) 
onbouom and, (ii) oftbottom culture. In the 
onbottom culture, the seed oysters are sown on 
the ground. The methods involved in ofr- bottom 
culture are: ( l) rack&tray,(2) rack & string, (3) 
stake, and (4) raft. Oysters reach harvestable size 
(above 80 mm) within 10to 12 months. They are 
harvested when the meal attains fair ly good 
weight (Figs 12 & 13). 
~roduction rates differ according to the culture 
methods. Through the rack & tray method, the 
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Fig.12 Oyster production and revenue earned by 
CMFRI at Turicorn (1979-95) and 
Dhalavapuram (1994-95) 
estimated production was 120tlhalyr atTuticorin 
during 1980-86 and by the rack & string method, 
it was 80 to 105 tlha/yr at Dhalavapuram in the 
Ashtamudi lake (Qui Ion) during 1994-95. The 
production rate through the stake method was 20 
tlha/yr at Tuticorin in 1980-86. In the rack & tray 
method the rate of return on investment was 30% 
and by the string method it was44.8%. In an area 
of! ha, 24 unitsof 300 m' each can beaccomodated 
as in the CMFRI's demonstration fanns at 
Tuticorin and Dhalavapuram in the Ashtamudi 
lake (Quilon) (Table 12). The cost of materials 
depends on the prevailing market rates. 
Production of meat and shell per hectare is 
estimated to be 10.2 tonnes and 81.6 tonnes 
respectively. There is good demand for live 
shellon oysters in the international market and 
the cost of 100 shel10n oyster is Rs. 25. The 
international export market value of 1 kg of 
chil1ed/frozen oyster meat varies from Rs. ]25 to 
300. The empty oyster shel1s contain 52 to 55% 
calcium oxide and are used in the manufacture of 
calcium carbide, lime and cement. Tbe shells are 
crushed to suitable size and used as poultry grit. 
The progressive development of edible oyster 
hatchery and growout technologies achieved by 
the CMFRI is outlined in Table 13. The 
experimental work carried out by the CMFRI at 
Athankarai (Mandapam Camp), Pulicat lake and 
Tuticorin in Tamil Nadu, Kakinada Bay and 
Bheemunipatnam in Andhra Pradesh, Goa, Mulky 
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"" Fig.13 Edible oyster spat produced at the CMFRI 
Turicorn hatchery 
estuary In Karnataka and Ashtamudi lake and 
Dharmadam estuary in Kerala gave highly 
encouraging results, suggesting commercial 
feasibility of edible oyster culture along the east 
and west coasts of India. 
Table 12. Production and economics of edible. 
oyster fanning by rack and ren method at 
Dalavapuram in a 300 m2 area during 1995 
I. Material cost Amount in R'i. 
(a) Poles 
Horizonlal poles 6 m x 30 1.200 
Horizontal poles 2 m x 9 120 
Vertical poles:\ m x 126 2,520 
Total 3.840 
(b) Nylon ropes and strings 
Nylon rope for strings and 
racks 40 kg 2,800 
Number of strings 1060 110 
TOial (a+b) 6,750 
II . Labour cost and other charges 
Fabrication of oyster strings 
Fabrication of racks 
Harvest 
Depuration 
Shucking 
Total 
Total cost (I + II) 
III. Production and revenue 
Shellon weight of oysters 
Meat weight ( 10%) 
Value of meat @ Rs. 30lkg 
Value of shell @ Rs. 350/lonne 
(80% of 4250 kg) 
Gross revenue 
IV. Net profit (I ll • I + JI) 
480 
240 
640 
640 
880 
2,880 
9,630 
4.25 tonnes· 
425 kg 
: Rs. 12,750 
Rs. 1.1 90 
t3,940 
4,310 
Table 13. Development of oyster culture technology in the shellfish hatchery & growout of CMFRI at 
Tuticorin, Gulf of Mannar and technology transfer to other locations 
I. Development of growout technology 
2. Developmem of h'lIchery technology 
3. Oyster production 
4. Spat production 
5. Lab ~IO- Land programme on oyster 
farming 
6. Sponsored project by NABARD 
for Rs 8.58.200 for technology 
demonstration 
7. Area .. found suitable for oyster 
fanning based on site selection 
experiments (good growth rale and 
survival in all these places) 
8. Dcmonstmtion fanos 
9 . Private oyster fanns adopting 
CM FRI farm.ing technology 
10. Mixed farming trials 
8.4. Mussel culture 
Year 
1977 
1982 
1979- 1996 
1982- 1996 
1979 
1992-1995 
1993-1994 
1994-19% 
1995-96 
1995-96 
The green mussel Perna viridis and the brown 
mussel P. indica are the two species occurring 
along the Indian coasts. The green mussel enjoys 
a wider distribution along the east and west coasts 
ofIndia including the Andaman Islands, whereas 
the brown mussel is restricted to the southwest 
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Location &_ Result .. 
TUlicorin. Molluscan shellfish hatchery 
• do -
Total weight = 
Meal weight = 
Revenue 
14.52 million 
1.23,341 kg 
8.369 kg 
Rs. 2,00.504 
2 t shellan oyster produced in fanners' holdings 
Revenue earned Rs. 8587.50 
Harvest = 47,756 kg (shellon) 
Meat weight = 2,946 kg 
Revenue earned = Rs.95,339 
Ashtamudye.'iituary Kerala 
Munambam 
Korapul.ha 
Dharmadam 
Karwar Karnaraka 
I) Dalavapuram fann in Ashtamudi = 0.2 ha 
2) Chetuvai farm = 0.03 ha 
3) Narnkkal fann = 0.02 ha 
4) Dharmadam farm = 0.04 ha 
• good spat production from wild 
- yield in rack & string method . = 80 tlhLl 
- good growth rate and 8-10% meat yield within 
6 to 7 month.'ii 
7 fanm; at Dalavapuram 
1 farm at M unambam 
1 farm at Padanne 
= 0.03 to 0.2 ha each 
= 0.04 ha 
= 0.04 ha 
-oyster seed for farming obtained from the wild 
• seed from Da1avapuram transported to Munambam. 
Narakkal. Chenuvai , Dharmadam. Padanne and 
Lakshadweep. 
-good survival and growth of transplanted seed. 
At Dharmadam and Pad anne 
-green mussel grown in edible oyster racks 
-good growth r.lIes and survival from December to May 
2.5 t of mussels harvested from Padanne. I t from 
Dhalmadam in May, 19% and sold @ of 14/- per kg s.helton 
·About 20 new private fanns supported by IRDP-TRYSEM 
established in the north Kerala estuarine waters in 
late 1996. expected to yield over 150 tonnes of mussels 
and about 200 tonnes of edible oyster in May 1997 
coast of India. Along the east coast, the green 
mussel is found on small beds in the Chilka Lake, 
Kakinada, Madras, Pondicherry, Cuddalore and 
Porto Novo while along the west coast it fomls 
extensive beds around Qui lon , Alleppey, Cochin, 
Calicul to Kasargod, Mangalore. Karwar, Goa, 
Bhatia creek, Mal wan and the Gulf of Kutch 
(Fig. 14). 
Methods currently followed in mussel culture 
in the tropical and temperate waters fall into four 
categories: ( I) the sea bottom culture, (2) pole 
cullure, (3) suspended (raft) culture, and (4) 
iongJi ne culture. The longlinc culture is morc 
profitable than the raft culture (Tables 14 & 15). 
The advantage of mussel culture in our tropical 
waters compared to the temperate seas is that the 
rate of production is ve ry high in the former. In 
European waters the seeds attain marketable 
size in a period of 121036 months whi le it takes 
onJ y 5 to 6 months in India because of the faster 
growth and high productivity in the tropical 
waters (Table 16). 
8.5. Clam culture 
A numberofclam species belongingtothefamilies 
Arcidae, Veneridae, Corbuculidae, Tridacnidae, 
Solenidae, Mesodesmatidae, Tellinidae and 
Donacidae are exploited along the Indian coast. 
The cultivable species belong to the tirst four 
families mentioned above. They include 
Anadara grclIlosa, Meretrix meretrix, Kate!ysia 
opima and Paphia laterisalca, Villorita 
cyprinoides . . and Tridacna marina. Of all the 
maritime states, Kerala leads the country in clam 
production with a currenl annual catch of 32.927 
t which accounts for 72.5% of the total clam 
landings. The current annual c lam landings in 
Karnataka is estimated at 6,592 t although 
considerable fluctuation s in the landings have 
been recorded. The clam production in Goa has 
been estimated at 887 t/year and that of 
Maharashtra at I, I 00 tlyear. Along the east coast 
Table 14. Production rates achieved in mussel culture by different methods in various centres 
Species Place 
Perna viridis Culicut (openseh 
Karwar(bay) 
Goa (NtO) (buy) 
Ratnagiri (openseu) 
Penlll indica KovaJam. Madras 
(opensea) 
P. vir;di.~ Vizhinjam (bay) 
P. )lirj(Ii.~/ Andhakarnnuzhi 
P. il/dica (opensea) 
P. viridis 
P. viridis 
Padanne 
Dhunnadum 
" 
Production rate 
4.410 12.3kglm of rope 
7.6 10 10 kg/m of rope 
6 kg/m of rope 
7 kg/3 m of rope 
6.6 kg/m of rope 
10 kg/m of rope 
10 kg/m of rope 
10 kg/m of rope 
10 kg/m of rope 
• ._.-
,~ 
" 
Fig. 14. Distribution of green and brown mussel in 
India and areas suitable for fanning. 
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Period Ran Long-line 
5 months + 
5 to 6 months + 
6 months + 
6 months + 
4 months + 
7 months + 
6 months + 
6 monlhs 
5 months 
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Fig. 15. Distribution of clams in India and fanning areas 
Table 15. Economics of open sea mussel fanning 
(0.36 ha area) (Iongline method) 
I. Initital investment 
Cost of construction of a longlinc unit 
(noats. anchors. anchoriine. horizontal 
& verticallincs) 
Aoming platfonn for watch & ward 
FRP dinghi & OB engine 
Spat collectors 
Others 
TOfal 
R.,. 
1.28,000 
25.000 
75JXlO 
10,000 
12.000 
2,50,000 
II . Fixed cost (for one crop of6 months only per year) 
Depreciation @ 33.3% 83250 
Interest @ 18% 45.000 
III. Operational cost (per crop) 
Seed 
Materials (cotton cloth. cement block. etc.): 
JO.OOO 
15,000 
1,33.000 
22,000 
Labour 
Miscellaneous 
Subt()(al 
IV. TOIaI cost (annual)(11 + Ill) 
V. Expected production 
VI. Gross revenue al Rs. 1000g 
~ VII . Net profit (V I · IV) 
2.00,000 
3.3 1akhs 
: 55 tonnes 
5.5 lakhs 
2.2lakhs 
of India, the clam resources are of smaller 
magnitude. In Tamil Nadu, the Vellarestuary and 
the Pulical Lake together contribute annually 
I 087t, while in Andhra Pradesh, the annual clam 
produclion was estimated at 2816 t (Fig.15). 
Since clams are cultured on the bottom, site 
selection depends on the substratum. The 
occurrence of natural clam populations is 
indicative of the suitability of the site with 
particular reference to the tide level, substratum 
and salinity. Clam farms are located in estuaries. 
bays and other sheltered areas close to the shore. 
. Clams are rarely grown in ponds, but in recent 
years, due to the disease problems in shrimp 
farms, there isgrowing interest in many Southeast 
Asian countries to utilize the shrimp ponds for 
clam culture. In Taiwan, Meretrix fusaria is 
grown in ponds, formerly used for milkfish and 
shrimps and also in the outlet and inlet canals of 
these ponds. As a result, Taiwan's export 01' 
clam meal which was less than 10,000 tonnes 
during 1990 exceeded 25,000 tonnes during 
1994. The results of hatchery production of clam 
seed (Fig. 16), farming and ranching achieved by 
the CMFRI since 1978 (Table 17) suggest good 
scope fortheexpansionofclam farming in sh~imp 
farms and in protected natural waters (Table 18). 
India"s export of clam meat has been increasing 
steadily over the past rew years, particularly to 
Japan, Western Europe and USA. The export 
increased from a meagre 371 tin 198910 800 1 in 
1993 (Table 19). In terms of value, almost live 
fold increase has been recorded from Rs 63.02 
lakhs in 1989 to Rs 292.25 lakhs in 1993. 
Table 16. Progressive development of mussel culture technology in India by the CMFRI 
1. Culture rechnology 
II . Hatchery technology 
111 . Lab-to-Iand programme on mussel culture 
IV. Experimenral mussel fanning 
V . Production rate achieved 
VI. Sponsored project<; for mus.~1 hatchery 
Yea. 
1973 
1974 
1984 
1985 
1979 
1976-82 
Location & Results 
Brown mussel culture al Vizhinjam Bay 
Green mussel culture at Calicut 
Experimental brown mussel hatchery at Vizhinjam 
Experimental green mussel hatchery at Madras 
Pilot scale cu l[Ure at Calicut 
Raft culture at Madra<;. Karwar. Goa, Ratnagiri. 
Tuticorin. Andaman and Nicobar 
Longlioe culture at Visakhapatn3m. Kakinada. 
Andakaranazhi (Cochin) and Karwar 
Result 1.5 t harvested from Andakarnnazhi 
in January 1996 and sold @ 14lkg 
1995-96 Rack culture at Dharmadam and Padanne 
in estuaries 
10 kg! 112 year/one metre string on an average 
in all farms 
1994-97 Sponsored by the Dept. of Biotechnology 
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Table 17. Progressive development of clam culture technology in India by the CMFRl 
I. Farming technology 
2. Hatchery technology 
3. Pi lot scale seed production 
4. Searanching of clam seed 
5. Sponsored projects for clam 
hatchery and ranching 
Year Location & Results 
1978 Farming of Anadaragranosa at Kakinada: 
0.39 til 00 m!/5 months = 39 t/ha 
1987 
1987 
1988 
1988- 19% 
1989-1996 
1993-1995 
2.6 tl625 m!155 months = 41.6tlha 
6.1 tIO.16 ha17 monln<; = 38.1 tlha 
Survival = 88.6% 
Developed at the Tuticorin shellfish hatchery for Villorira 9'prbUJid~.f 
and Meretrix CCL'ifll 
At Tuticorin shellfish hatchery for Mere/rix mere/rix 
4 do - for Anadar(l grlllw.WI and Meretrix C(JSIC/ 
4 do - for Pliphia malabaricCl (35,000 to 1.54 million seed per year) 
At Ashramudi, Madras.Tuticorin, Munambam & Pondicherry 
Production (P. malabarica) at Ashtamudi : 1.425 kg to 
5.93 kglml /3.5 momhs Survival 7.05 to 17.64% 
Donor: Marine Products Export Development Authority: 
Amount: Rs 0.362 million 
Total seed produced = 154 million 
Place.<; where sea ranched = Ashramudi. Munambam & Ayiramthengu 
19944 1997 Donor: Dept. of Biotechnology 
Amoum : Rs. 0.8 million 
Seed produced - about I million 
Table 18. Economics of clam culture 8,6. Lobster farming 
A. Capital expenditure 
I . FRP boat with outboard motor 
B. Operational cost 
J. Casurina poles 
2. Pen enclosure 
3. Seed @ Rs 5511000 
4. Running cost ofbonl 
. 5. Labour 
Amount in Rs. 
80.000 
2.500 
10.000 
6. Harvesting, depuration & shucking of meat : 
16.50.000 
6.000 
6.000 
50.000 
6.000 7. Contingencies 
8. Salary to Manager @ Rs. 2,000 for 6 months: 
9. Walch and ward for 6 months 
Total 
c. Interest at 15% for A for one year 
O. Cost of production 
I. Depreciation @ 10% of A 
2. Opemtional cost 
3. Interest 
Total 
E. InCOllte 
Shellon weight of harvested clams 
Wet meal weight 
Shell weight 
Sale of 105 t meat @ Rs. 25.000 per ton 
Sale o f 525 t shell @ Rs. L.,OOO per ton 
Total 
F. Profit 
(Rs. 3 1.50.000 - Rs. 17.74.500) 
Net profit on investment 
12,000 
12.000 
17.54.500 
12.000 
8.000 
17,54,500 
12,000 
17.74.500 
700. 
105t 
525 . 
26.25.000 
5,25.000 
3 1,50,000 
13,75,500 
77.5%. 
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Spiny lobsters (rock lobsters) are low volume. 
but high value tisheries which support some of 
the most valuable marine fisheries resources 
worldwide_ India earns approximately US $ 15 
million each year through the export of lobsters 
(Fig_I?). Though the lobsters are wi>Jely 
distributed along the Indian coast, the major 
fisheries are located along the northwest 
(Maharashtra & Qujarat), the southwest (Kerala 
& Tamil Nadu) and the southeast (Tamil Nadu) 
coasts. Among the six shallow water species, 
only PalZulirus polyphagus, P. homarus and P. 
omatus are exploited in commercial quantities. 
The technology oflobstcr farming and fattening is 
already well developed, and the economics quite 
encouraging (Table 20). High demand for live 
and whole cooked lobsters in the international 
market and the high price offered, make lobster 
famling an attractive industry. However, in the 
absence of a viable hatchery technology and 
only limited availability of juveniles and 
subadults from the wild. scaling up the farming 
activity has not been possible. The CMFRI has 
been able to successfully breed the spiny 
lobsters and rcar the phyllosoma upto the VIth 
Table 19. Export of clam meal 
Q 
Products 1989 
Dehydmted Clam meal Q: 42 
V: 933 
Frozen Boiled Clams Q: 329 
V: 5.369 
Clam meat Pickle Q: 
V: 
Quantity in tonne:"; V = Value in Thousand 
Fig. 16. Production of Paphia maLabarica 
seed in CMFRI hatchery 
Fig.I S. Layout of an indoor lobster culture 
facility developed for the industry by 
the CMFRl 
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1990 1991 1992 1993 
107 164 129 124 
2,546 4,789 3.855 5,669 
414 1,232 940 776 
7,558 37.392 31.028 23541 
37 NEG: 
2,025 15 
Fig.17. Export of lobstert.il during 1987-88 
to 1994-95 
Fig.19. Schematic diagram of a lobster cu lture 
tank developed for the industry by the 
CMFRJ. 
, 
• 
.' 
Table 20. Economics of spiny lobster cu lture for producing one tonne lobster in indoor system 
A';sumptions: Species - P£/l/J/liru.~ (!rJ/aflU. duration of culture - 6 months. size at stocking - 150 g, size at harvest · .500 g. 
mortality - 10% 
Rupees in lakhs 
A. Capital cost 12.00 
Construction of tanks and overhead shed: pumps, air blowers and generator: erecting 
pump house and pumping system: pvC pipes and fittings for watcr and ai r distribution : 
construction of sump and filtration system. etc. 
B. Operating cost 4.00 
Ju venile.<;;. feed, electricity. chemicals & antibiotics and lobster shelters: wage..o;; 10 labourers 
and miscellaneous expenses 
C. Gross profit from sell ing 1000 kg lobsters @ Rs. 800 per kg 8.00 
4.00 D. Net profit (depreciation o f capital, construction and equipments excluded) 
stage as early as 1978. This work which was 
suspended after the cyclone devastation of the 
Institute's mariculture laboratory at Kovalam 
(near Madras) in 1980 is now being revived with 
a view to completing the life history successfully, 
paving the way for a viable hatchery system. 
In .the maller of growout, eyestalk ablation 
experiments have shown that a group of lobsters 
of 85 g average weight, after eyestalk ablation, 
increasedt0432g in 165 days as compared to the 
growth increment of only 57 g for the control 
group. A lobster growout system designed by the 
Institute for the Amalgam Seafood Exports 
Cochin consists of a series of circular or square 
cement tanks of9 to 16sq.m area each witheilher 
a flow through or a sem iclosed recirculation 
system (Figs 18 & 19). 
8.7. Crab culture 
During the period 1989-94, India has exported 
live mud crabs to the tune of about 630 tonnes 
valued at Rs. 2.58 . million on an average 
annually. Among t.he maritime states, Tamil 
Nadu, Andhra Pradesh and Kerala have already 
taken up crab farming as an alternative source of 
income generation in the coastal rural sector. 
Indo-Pacific in distribution, the mud crabs inhabit 
Table 21. Economics of three systems of mudcrab fanning under taken in the Mother crab farm al Tuticorin 
Culture method 
Mon~ullure 0.5 ha 
Polycuhure 0.5 ha 
Fattening 0.3 ha 
]lroduction & income 
Crab!; 780 kg R!;. 1.57.200 
Crabs 1140 kg Rs 2 ,32,400 
Milkfish 720 kg Rs 28,800 
Crabs 560 kg Rs 1,22.850 
Toral production in all 14 ponds of 5.2 ha 
Postharvest mortality 3.8% 
Total Income 
Expendilure 
Ner profil 
Period of cullure 
Average net inconlC 
Expenditure 
Cost of !reed. feed fencing, power 
supply wages elC. Rs 43 ,860 
As above Rs 48,400 
As above Rs 56.200 
6340 kg 
240 kg 
Rs 12,20.000 
Rs 3.05.000 
Rs 9, 15.000 
4 months 
= Rs 1.75.9611 ha/4 months 
57 
Net profit/crop 
Rs 1, 13.340 (120 days) 
Rs 2.12.800 (138 days) 
Rs 66,650 (30 daysl 
rc" lnstitut~ 
Table 22. Achievements of CMFRI in breeding and seed production of c rabs 
Species Year of work & Authors Results 
Mud crab Scylla serrllla 1983 
Marichamy & Rajapackiam (1984) 
Incubation period, egg hatching and completc 
metamorphosis studied for the first time in 
India 
- do - 1983-84 
Marichamy & Rajapackiam (1992) 
Egg hatching and early development upto crab 
stage studied under controlled conditions . 
at Tuticorin. A maximum or 15% survival at crab 
stage obtained. 
Scylla Ira1lque-
baric" &- S . . ferralll 
1994-95 
M. K. Anil (Personal 
communication) 
1996 Swimming crab 
Porfunus ~Jagjcu.f Josileen and others ( 1996) 
the marineas well as brackishwaterenvironments. 
In India, both the species (Scylla serrata and S. 
tranquebarica) coexist in the inshore sea, 
estuaries, backwaters, coastal lakes and mangrove 
swamps of all maritjme Stales on the mainland 
and the creeks and bays of Andaman and Nicobar 
Islands. They prefer muddy or sandy bottom. 
Mudcrab fattening experiments using Scylla 
tranquebarica were carried out at Narakkal in a 
pond of IOOOsq.m at a low stocking density of 
300 water crabs, each of 500 to 550 g during 
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Fig.20. Distribution and abundance of various 
seaweed resources along the Indian 
coastline. 
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Completc larval development of both species 
studied for the first time in India. Experimcmal 
seed production trial s yielded 20 to 25% survival 
for both species. 
Larval rearing and seed production success rully 
carried out at Mandapam with a survival rate of 
80 to 85% upto zoe;}-V stage and lesser 
survival rate.. for successive stage ... 
1996. They were fed daily with salted trash fish at 
10% of body weight. Water exchange wa~ 
facilitated by means of tidal flow. Selective 
harvestingofmud crabs was carried out at weekly 
intervals, after 21 days of the initiation of the 
experiment. A total of Rs 8500/- was spent 
towards the cost of crab and the feed. The harvested 
crabs were sold for a sum ofRs 9600/- in 40 days 
(Table 21 ). The experiment is being continued. 
Crab fattening has to be pursued for a minimum 
of7 to 8 months with continuous harvesting and 
stocking to make it an economically viable 
o 
RESOURCES 
Fig.21. Standard crop of seaweed resources 
along the Indian coast 
operation. Profitability can be further increased 
by polyculture with compatible species of fish 
and shei llish. 
Experimen ts cond ucted at the CMFRl , Tuticorin 
duri ng 1983- 85 on the mud crabs Scylla serrata 
and S. tranquebarica gave encouragi ng results. 
A survival of 15% was achieved from the egg to 
. the firs t instar stage. The techniques have been 
further refi ned as a result of which a survival of 
20% has been achieved recently. Simi lar 
experi ments conducted in thcCMFRl , Cochin on 
both these species also gave 20% survival rate. 
Experimen ts currenll y heing carried out at 
Mandapam gave encouraging resul ts and an 
economically viable hatchery technology is 
emerging from these efforts. 
The CMFRI has carried out breeding of the 
marine crab Ponunus pelagicus and succeeded in 
obtai ning a survival org to 10% from the egg to 
the first instar stage. Experiments are being 
continued to increase the survival rate and 
develop a viable hatchery technology for this 
species. Experimen ts on the broodstock 
development and farming revealed that lhisspecies 
has great potential for seafarming. Three 
generations of P.pe/agicus have been 
produced successively and being successfully 
maintained in the CMFRl Mandapam marine 
hatchery (Table 22). 
Studies on the farming of mud crabs have been 
initiated by the Institute as early as 1983 and 
being perfected over the years. Recently three 
typesoffarming have been undertaken, namely. 
monoculture, polycuhure and fatte ni ng. 
Depending on the avai lability of seed, these 
technologies can be advantageously made use of 
by the entrepreneurs. Table 21 deals with the 
economics of these three methods of fanning . 
One of the major constraints being faced by the 
farmers is the inadequate supply of seed crabs, 
as the only source at present is the wild stock 
in most of the countries, where crab FafT!li ng is 
attempted. It is, therefore, imperative thatconcerted 
effort is made to develop commercial .hatcheries 
for adequate and sus[ained supply of baby crabs 
to make mud crab fanning an organised 
industry. The first commercial mud crab hatchery 
estab li shed by Indo Marine Aquacu lt ure 
(located at Marthanpattinam, Thennampattinam -
609 115, Sirkali Taluk, Nagapattinam district .• 
Tamil Nadu) has come into production and sale of 
seed in January, 1996. 
8.8 Seaweed culture 
About 700 species of marine algae have been 
recorded from different parts of the Indian coast. 
Of these, nearly 60 species arc commercially 
important, belonging to green. brown and red 
algae which occur along the southeast coast, Tamil 
Nadu, Gujarat, Lakshadweep and Andaman & 
Nieobar Islands. Fairly rich seaweed beds arc 
Table 23. Important Indian seaweeds and (heir standing crop 
Agarophytes 
G,:l/cilar;a e(llIlis 
c. corlic:Clla 
G. crlLUlI 
G.Jollifera 
G. \'erruauu 
Gelidielill lICeroslI 
Gelidium sp. 
Standing crop (in tonne,.;;) 
6.000 
SarK(lSSIIIII spp. 
Tllr/Jillllrill spp. 
Hormophysa sp. 
Cy.nOJiera sp. 
t6.000 
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Carragcenophytcs 
Hypllea tra(enthfe 
H. IIItt.W:!liJf!lIS 
EIIC:lJeIIllUl sp. 
8.000 
Edible & green seaweeds 
UII'lI sp. 
£flleromorpl/ll 
Clllllerp(I spp. 
Codill/lI spp. 
Lt/Ur~lIdll spp. 
ACllnllt(lpliortl 
70.000 
Tornl 100.000 
Table 24. Methods of seaweed culti vation 
Frngmem Culture Spore Cu lrure 
Methods Methods 
,. Coir rope longline I. Settling spores on cornl stones 
2. Coir rope nel 2. On ga.<;tropod shells 
3. Nylon rope 3. Nylon rope 
4. Broadca<;ling in ponds 4. Coir rope 
5. Tyi ng in plastic bags 5. Nylon twine 
6. Tying on nauling ran); 6. Circular cement blocks 
7. Tying the frugmenL" to rocks 
CUrTcnt Production of PfIycocolloids from Seaweed (in tannes) 
Colloids Global 
I. Agar 5000 
(from 30.0001: 
dry wI) 
2. Algin 
3. Carmgeenan 
India 
130 
(from 750t 
dry WI) 
500 
( from 3000t 
dry WI) 
Nil 
No. of Indian 
FactoriC'i 
30 
28 
Nil 
present in the vic inity of Bombay, Karwar, 
Ratnagiri , Goa, Yarkala, Kadalundi, Yizhinjam, 
Yisakhapatnam and in the coastal lakes of 
Ashtamudi, Pulicat and Chilka (Fig. 20). 
As per the current est imate, the lotal standi ng crop 
of all seaweeds in the Indian waters is more than 
one hundred thousand Lannes (wet wl)consisl ing 
of 6,000 tonnes of agar yield ing red seaweeds. 
16,000 lonnes of alg in yield ing seaweeds and 
the remaining quanti ty isofedibl eand carrageenan 
yielding seaweeds (Fig. 2 1). The important species 
are listed in Table 23. Seaweeds are 
cultured either by vegetative propagation using 
fragments of seaweeds collected from the natural 
beds or by spores such as letraspores or 
carpospores. The fragments are also cultured by 
broadcasting them in outdoor ponds and tanks 
(Table 24). 
Seaweed farm ing along the coast of peninsular 
India has the potential to fetch a re turn of 
Rs. 9,0001- per ha per year for an investment of 
Rs. 36,0001-, assuming the production rate to be 3 
60 
fold in eadlofthe two cropslhalvests. A production 
target of 2 million metric lOnnes of cultivated 
seaweeds is proposed to be achieved by 2020 
(Figs 22 & 23). The hike in the production from 
the currentO.2 million tonnes through wild harvest 
to 2 million tonnes by famling by 2020 is 
possible through the foll owing activit ies: 
I ) 
2) 
3) 
4) 
enlargement of the fanning areas 
including the brackish water lakes 
upgradation of culture technology in to 
intensive culture and multispeeies culture 
systems 
onshore culture in tanks, ponds and 
raceways 
introduction of high yielding, exotic 
species and development of high yielding 
varieties through genetic manipulations 
8.9. Seacucumber culture 
There arc morc than 200 speciesofseacucumbcr 
in the seas around India, of which 75 species are 
distributed in theshallow water. They occur mainly 
in the Gulf of Mannar and Palk Bay, the 
Andaman and Nicobar Is lands and th e· 
Lakshadweep. In the Gulf of Mannar and Palk 
Bay Holot/wria scabra is the most importan t 
species for processing in to heche-de-mer. In 
recent years Actinopyga echinites and A. 
miliaris are also exploited in good quantities. 
Holothuria spinifera andBohadschia marmorala 
are available in smaller quanti lies only. Although 
Holothuria scabra and H. spinifera are not 
found in the Lakshadweep, Holothuria nobilis 
and Thelenta ananas are quite important in thi s 
island, where Bohadschia mamwrata, Actinopyga 
mauritialla, A. echinites, A. miliaris. StichopLls 
variegatus, S. chlorollotus and Holothuria alra 
are also available to some extent. While the most 
important species in the Andaman and Nicobar 
Islands is H. scabra, smaller qlwlltities of 
Holothuria atra, A. mauritiana, A. echiniles, A. 
miliaris, H. Ilobilis, Stichoptls variegatLls and 
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Fig.22. Potential areas of seaweed aquaculture 
along the Indian EEZ 
S. chlorollotus also occur, but H. spinijera is 
absent in this island. The record of The/enola 
ananas from the Andamans needs to be checked. 
Sea- cucumbers are distributed in the Gulf of 
Kutch and in certain other locations along the 
coast of the mainland ofIndia, but they arc notaf 
commercial value. 
The CMFRI succeeded in the production seed of 
H.scabra for the first time in 1988 by induced 
breed ing through thermal stimulation at the 
Tuticorin field mariculture laboratory. (James et 
aI., 1989). Since then H. scabra seed is being 
produced in this hatchery on a regular basis. 
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Fig.23. Projected Indian marciulture production 
of seaweeds 
Beche-de-mer production isa very ancient industry 
in India. The Chinese had constant trade with 
southern India for more than thousand years. 
Customs records on the expon of Beche-de-mer 
from the Madras Presidency are available from 
1898 onwards. Since the middle of the last 
century a good Beche-de-merprocess ing industry 
was functioning in the Lakshadweep, but it 
ceased in recent times. In the Andamans also 
there was good processing activity si nce the mid 
seventies around Port Blair, but itsropped recently 
due to the ban imposed by the Andaman and 
Nicobar Administration. 
Table 25. Annual export of beche-de-mer from India (Q ; Quantity in kg V; Value in Rs. ) 
Country 1990 1991 1992 1993 1994 
Taiwan Q 255 
V 3.19.038 
Hongkong Q 984 20.520 13.020 37.562 
V 1,32.645 18.02.625 10,96.992 65.18.207 
Singapore Q 37,338 27,962 18.566 6,657 8.254 
V 50,90,987 85,02.083 54.68.454 25.76.362 25.86.972 
TOlat Q 37,388 28,946 39.341 19,677 45.816 
V 50,90.987 86.34,728 75,90.117 36.73.354 9 1.05,179 
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All countries which produceBeche-de-merdo not 
consume. Some of the countries consume. expon 
and "also import Beche-de-mer, while countries 
like India only produce and export Beclte-de-mer. 
The export of Beche-de-mer from India has been 
showing fluctuating trends from year to year 
(Table 25). 
8.10. Marine finfish culture 
India is endowed with vast areas of coral reefs 
along the Gulf of Kutch, Kerala coast, Wadge 
Bank, Gu lf of Mannar, Palk Bay and the 
Andaman and Lakshadwecp islands. Coral reefs 
are distributed: (i) in the nearshore regions in the 
PalkBay and the Gulf ofMannar and the lagoons 
of Lakshadweep islands, ( ii ) in depths of over 
400 m along the west coas~ and (iii ) around the 
islands in the Andaman and Lakshadweep. Most 
of these areas are not suitable for fishing with 
trawls or gi llners. However traps and longlincs 
are operated efficiently in these areas. The 
present fishery. however, is restricted to trawls 
and hooks & lines in the inshore waters and perch 
traps in the Gulf of Mannar and Pal k Bay. 
Among the coral tIshes, the groupers. reel 
snappers, pigface breams and a range of 
omamenLai tishes are most -abundant. and 
indicate good potential for culture in coastal farm 
ponds and in net cages. 
About 40 species of groupers, similar num ber 
of red snappers and 9 spec ies of pigface breams 
are known from India. Among the groupers, 
Epinephelus tauvina, E. malabariclls, E. 
undulosus, E. areolatus, E. merra, £.jasciatus, E. 
sonnerati. E. bleekeri. E. diacanthus, E. 
chlorostigma. E. caeru[eopUtlctatlls and 
Promicrops lanceolatus constitute importan t 
Table 26. Marine fish culture experiments carried out in India 
Platt 
Krusadi 
Mandapam 
Veppalodai 
TUlicorin 
Mandapam 
Mandapam 
Culture 
System 
Monoeulture 
Monocullun! 
Monocultun.: 
Polycultun! 
Polycullurc 
Monocuiturc 
Monoculturc 
Method.~ 
Pond 
Pond 
Pond 
Pond 
Pond 
Tank 
Cage 
Mandapam Polyculture Pond 
Mandapam Polyculture Pen 
Tuticorin Polyculture Pcn 
Tuticorin Monoculturc Pond 
Mandapam Monoculture Cage 
Species Growth Survi ... ·al 
rale(mm) (%) (Kg/ha/yr) 
C. ChWUI.f 230-2401yr 
C. chaf/o.t 240-2501yr 
C. dlllllO.t 300 Iyr 9-1 1 
C. chwws 333/yr 50 
C. clll/l/Os 300-378/yr 5 
L macmlepi.t . 211-240/yr 67 
S. sernlla 130-175/yr 26 
A. bic%r 231month 98 
bic%r 
Scat/aliCf/faluof 8.5/mOnlh 
S.javuJ 6.21month 60 
E.I(lIIV;lUl 19/monlh 73 
S. ,ti/UtnUl IO/month 
V. u heli 15.8·24.61month -
LmoCTo/epi.t l3Jmonlh 
c: chanos 16.8·3Q1monlh 
P. indiL'us 9.4Imonth 
S . . fihomlJ 11 .4Imonth 
MugU sp. IS/month 
C c/I(m().~ SO/month 
C. challO.f 27/momh 5-48 
C. CMIIOS 44/month 
E. tlJllvillO 16.3mm/monlh 
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Production Authors 
Chacko and 
Mahadcvan (1956) 
Menon ( 1959) 
212-455 Tampi (1960) 
192 Maricharnyand 
Rajapackiarn (1982) 
324 Marichamy (19RO) 
630 
690 
2.2 kg/sqml Dorairaj et.al (1985) 
5 months 
James et.a/{1985b) 
James el .tli (I 985a) 
Vcnkalaraman et.lI/ 
(1985) 
damaged Shanmugam and 
Bensam ( 1982) 
318-857 Bensalll and 
Marichamy (1982) 
HamfJ! and Ka.<;im (1992) 
fisheries. The red snappers of commercial 
importance include LutjallLls rivulatus. L. 
malabaricus, i. fulvij1amma, L. kasmira, "L. 
argellfimaculatus, L. waigiensis, L linealatus, L 
gibbus and Prislipomoides typus. Among the 
pigface breams, Lethrinus flebulosus. L ientjan. 
L. miniatus. L. elongallls and L. mahsenoides 
are most abundant in the landings. 
During the 1985-94period,an estimated average 
annual perch landing of 13,616 t was obtained in 
India with groupers forming 44.9%, pigface 
breams 3 1.1 % and snappers 24.0%. Almost the 
entire catch was taken from the grounds in th~O to 
50 m depth. The potential of these fishes in the 
Indian EEZ is estimated to be around 40,000 t in 
the 0 to 50 m depth zone and 14,600 t in the 50 to 
300 m depth zone. The wide difference between 
the potential and the landings is due to the 
grounds not being accessible to trawlers and 
setnelS. Therefore, fishing by traps and longlines 
needs to be introduced for the effective 
exploitation of these resources. 
The coral reefs constitute an important habitat for 
a vast range of ornamental fishes of about 300 
species. Of these, fishes of the families 
Acanthuridae, Pomacentridae, Labridae, Scaridae, 
Chaetodontidae, Siganidae, Holocentridae, 
Syngnathidae and Balistidae are important. 
These fishes are known to be abundant mainly in 
the lagoons of the Lakshadweep islands, followed 
by the Andamans, Gulf of Mannar, Palk Bay and 
VizhinjamBay. Currently, there is no exploitation 
of these tishes for aquarium purpose. The 
CMFRI has initiated a detailed survey and 
assessment of the ornamental fishes of the 
Lakshadweep. 
J.n the area of marine fish culture, 1ndia is still in 
the experimental phase. Experiments on several 
species: Chanos ehanos, MugU cepha/us, Liza 
maeroiepis, Vaianlugil seheli. Siganus 
eanalieulatus, S. javus. Sillago sihama, 
Epinephelus tauvina. Anguilla bieolor bieolor, 
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Lales calcarifer and Erroplus suralellsis were 
conducted (Table 26). Breeding and hatchery 
production of seed and growout technologies 
are yet to be developed. Very recently lucrative 
nursery grounds of grouper seed (of 60 to 260 
mOl size) were located along the Gulf of Mannar 
coast and live juveniles of E. tau villa and 
E. malabaricus are exported live to Hongkong 
and Singapore. Ahout 15,000 juveniles arc 
collected per month from one coastal nursery 
ground near Tuticorin for this purpose, with peak 
collection in lanuary and February. The CMFRI 
has embarked on a programme of breeding and 
hatchery production of seed of groupers, snappers 
and breams. At the Tuticorin farm oftheCMFRI, 
300 juveniles of E. tauvina of 65 to 285 mm 
length range (mean 130 mOl and 80 g) were 
stocked during June-luly 1996. By the end of 
September 1996 (75 days) the groupers at 
Tuticorin attained an average size of225 mm and 
I 109. At the Mandapam centre of the CMFRJ 
E.lauvi1U1 of the length range of 92 to 245 mm 
and weight range of 10 to 200 g were stocked in 
outdoor cement tanks and fed sardines at the rate 
of 10% body weight. In six months, they attained 
180 to 360 mOl and 160 to 630 g. Eyeball 
swelling, tailrot and infection by Caiigus 
resulted in some mortality. Recent~y ovaprim 
was injected to E. lauvina at the rate of 0.5 ml per 
kg body weight; in six days, spawning took place 
in fish of 2.0 to 2.5 kg wi. A private company 
(Sannel Aqua) is currently operating a net cage at 
Tuticorin in the Gulf of Mannar at a depth of 4m 
for captive holding and fattening of groupers 
(fed on sardines) for live export in ships to 
Hongkong. The comnpany has exported in 1996 
about 20 tonnes of live groupers. 
9. Stock enha~cement programme 
9.1. Searanching 
Searanching is tenned as production and release 
of aquatic organisms into their natural habitats to 
augment their stock. It was in the United States 
thatthe idea of searanching originated as back as 
Table 27. Some scaranching results: global & Indian experience 
Country Location Specics 
I. Japan Komancc- Ko-Lagoon Kuru ma shli mp 
-do- Seabream 
Flounder 
16 national ami 80 coa.<;.lal 
43 local aqua- species 
cultu re centres 
2. U.S.A. Hawaii St riped mullct~ 
Texas Red dru m 
Hawaii Threadfin 
3. - Sohai sea Penaeid shrimps 
Yellow sea 
4. Ind ia Palk Bay I'~na~u.t .femi.UI/ccmu 
(CMFRI) Gulf o f Pincwdajuc(//(/ 
MannaI' ( Pearl b • .'mks) 
Ashtamudi Clams 
estuarine lake in Kernla 
1870. Since then many countries have been 
prac tising this for en hancing the resources as 
fishing pressure is ev identl y felt on many of the 
resources. Searanchin g also helps in conserving 
the resources. The idea o f searanching in India 
started with pearl oyster which appeared to 
di minish in number since the Gul f of Mannar 
pearl fishcryof 1961 due to many factors. To 
overcome the errat ic nalUral popul at ion of pearl 
oysters, it was fe lt thal searanching would be t~e 
correct step. With theestab lishmentofa molluscan 
hatchery at Tuticorin and large scale production 
of seed, searanchi ng became a reali ty. Ranching 
of shrimp seed has become relevant in the con tex t 
of di minishing returns from the natu ra l resources. 
The spi ny lobsters, clams and scacucumbers 
offer immense scope for searanchi ngbecauseof 
the increas ing demand in the e xport trade, 
decreasing production from the fishery, and the 
success in hatchery production of their seed 
(Table 27). 
Japan is the pioneer in the searanching of a variety 
64 
No.ofseed Year Rcsults 
ranched 
700 million 2 .4 times increase in thl; 
production of kUl'umn 
shrimp 
16 million Substantial i ncrea~ in 
19 mi llion the wild stock 
Pilot scale 197(}.; 100% increase in the 
wild stock 
Pilot scale 1970, Signifi cant increase 
Pilg{ scale 1970, Signifi cant increase 
Large scale 1980s Recapture ratc4 to 13.6%: 
scarnnched seed :lccount 
for> 90% of catch 
6 mil lion 1990-94 Aug mentmed yield 
10 million 1985 & Significant increa<;c 
1990 in adu lt pearl oyster-
in the natural beds 
0.486 million 1993-96 Fairl y good increase 
in production 
o f marine organisms includi ng shellfishes and 
fi nfi shes. They cmbarked on a stock enhancement 
programme (SEP) in a big way in volving 16 
national and 43 local aquacultu re centres, 
focussing on the problems of 80 coas tal species 
including the ku ruma prawn ( Pef7aeusjapoll icllS), 
bluecrab, red seabream (Pagrus major). abalone 
and fl atfi sh. By releasing about 700 million seed 
of P.japollicus in the Komance-Ko-Iagoon,.they 
have increased the production by 2.4 times. ln the 
caseoffinlishes, ranching of 16 million seabreams 
and 19 million 1'1ounders resulted in suhstantially 
supplementing the natural stock. 
In Hawai i, siock enhancemen t programme was 
undenaken for the depleted coastal fi sheries. of 
which the two highest ranked spec ies, the Pac ific 
threadfi n (Po/ydactyillS sexfi/is) and Ihe stri ped 
mullet (M ugU cephallfs) were taken up in the fi rst 
phase as test spec ies. Pilot hatchery release 
experiments resulted in 100% increase inmuilci 
abundance in the nursery habitat. In Texas. 
consequent on the decline o f the red drum 
Table 28. Proposed pilot scale searanching programme by CMFRI under the 9th Five Year plan 
Commodity Location Quantity (million) Species 
Shr;mp~ Veraval 
Kmwar 
10.0 PelJQeus penicillatus, Penaells mery:lIiensis 
5.0 P. merguiellSis, Parapenaeopsis stylifera 
Lobs!!.::!"s 
Cephalopod 
C1.t ieut 
Vizhinjarn 
Mandaparn 
Madras 
Visakhapalnam 
Veravat 
Caticur 
Vizhinjarn 
Mandaparn 
Madras 
Verav"! 
Vizhinjalll 
Mandapam 
Vcraval 
Cal icllt 
10.0 
15.0 
10.0 
10.0 
10.0 
0.2 
0.2 
0.2 
0.2 
0.2 
12.0 
6.0 
12.0 
1.0 
1.0 
(Seiae/lOp.l· ocellar"s) tishery during the I 970s, 
a stock enhancement programme was started to 
recover the resource by the Texas Parks and Wild 
Life Department. Studies so far conducted revealed 
that the stocked tish survived in significant 
numbers and thereby enhanced the natural 
populations. Stocking hatchery fish along with 
stringent fishery and habitat protection measures 
co uld revive the red bream population 
substantially. 
Stock enhancement programmes on penaeid 
shrimps began in the mid' 80s along the coasts 
of the Bohai Sea and the central and northern 
Yellow Sea to build up the collapsed stocks in the 
traditional tishinggrounds. A remarkable recapture 
rate ranging from 4.0 to 13.6% was observed 
under these programmes. At present the 
re leased shrimp accounts for more than 90% of 
the lotal catch. 
In India, the CMFRI carried out preliminary 
ranching experiments on Pel/aeus semisulcatus 
in the Palk Bay at Mandapam, clams in the 
Ashtamudi lake and pearl oysters and 
scacuc umber in the Gulf or MannaI' with 
encouraging results. 6 mill ion postlarvae (PL- 15 
65 
MetapenaeliS dohson;, P.illdicliS 1'. stylifera 
P.illdicllS, Metapellaewi dobson; l~. stylifera 
P. semislIlcatlis 
P. i"dicus, 1'. ",onodol! 
p. ,,,dieus. P. moltodoll 
Ponulirw; polyphagu.\", rhellus orielllalis 
P. homoms 
P. homanls. T. orielltalis 
1'. IwmanlS, P. or"aflls 
P. homarus, 1". orie"talis 
PinCladafl/cala oy~·ter 
P·fllcala 
P·fucala 
Sepia pharaonis, fAllgo duvaucelli 
S. pharaonis, L. duvaucelfi 
to 32) of P.semisulcatus produced in the pilot 
prawn hatchery at Mandapam. Tamil Nadu were 
scaranched in Ihe Palk Bay from 1990 onwards. 
This programme helped in augmenting the 
production Df P.semisuLcatlis in the coastal 
waters of Palk Bay. The PL - 15 were reared 10 a 
size of over 60 mOl in length. A lotal of 2964 
laboratory reared and farm grown P. semisulcalus 
of 60 to I 10 mm size were tagged and released 
into the Palk Bay. One percent of these shrimps 
were obtained frolll the commercial trawl catches 
landed in two nearby landing centres within a 
period of 53 days. During thi s period, the tagged 
prawns have migrated toadistanceof30 to 35 km. 
The above experiments show thatthesearanchcd 
postlarvae of P. semi suJcatus survive. migrate, 
grow and get recruited into the fi shery in Palk 
Bay (Pill ai , et aI., 1991). A Iota I of 10 million 
pearl oyster spat (0.9 to 11.3 mm size; average 
1.53 to 5.7 mm) was searanched in the Gulf of 
Mannar in 3 pearl oyster beds (paars) in 17 
batches during 1985 and 1990 and 0.486 million 
clam spat ranched in Ashtamudi lake, Kerala 
State in 7 batches during 1993-96 as detailed 
here. The first baich of 64,000 seed of Paphia 
malabarica measuring 12.4 mOl average length 
were ranched in Ashtamudi lake (Dalavapuram) 
o n 18.2.93 in a 25 m' area in I m depth and the 
site was fenced with 3.0 mm netlon screen . On 
19.3.93 they measured 20.4 mm and by 3.5.93 
they grew to 30.3 mOl . In the same area a total 
o f 30,000 seed of P.malabarica measuring 4.9 
mm length were reared in cages as their size was 
small for planting in the fie ld. By 3.5.93 they 
atta ined 12.2 mm and were ranched in the same 
area. These seed were covered with 1 em mesh 
synthetic net to protect them from predators. At 
Munambam P.malabarica occurs rarely. Hence 
a consignment of 8500 seed was ranched in a 10 
m' areaon 19.2.93 in 0.5 mdepth. The clam seed 
measured 12.4 mm and they were covered with 
I cm mesh synthetic net. By the end of April they 
attained 23.4 mm length. 
Taking into accounllhe declining status of some 
of our prime fisheries, their high economic value 
and the prospects of overexploitation of the wild 
stocks, the following species are proposed for 
pilot-scale searanching for stock enhancement al 
different centres along the Indian coast by the 
CMFRIunder the 9th Five Year Plan (Table28). 
Besides, under the Indian- Australian Cooperation 
in S&T, searanching has been proposed for stock 
enhancement in the Vizhinjam bay and the 
contiguous waters (Table 29). 
9.2 Artificial fish habitats 
A significant number or maritime nations are 
showing increasing interest in artificial aquatic 
habitat enhancement programmes and about 40 
countries in six continents have established 
such habitats [0 promote capture ~ fisheries 
productivity and production (Robert and Choule, 
1983). 
The major objective of developing artificial reef 
habitats is basically to improve the conventional, 
commercial and recreational fishing and to 
sustain marine productivity. A variety of 
structures are used to attract various species of 
marine organisms. They range from improvement 
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Table 29. Proposed searanching programme for 
the Vizhinjam bay and the contiguous Gulf of 
Mannar- Wadge Bank -Minicoy lagoon - Cochin 
coast under the New Horizon India - Australia 
cooperation in Science & Technology 
Localion Specie<> No. of seed 10 be 
ranched in S yellrs 
(in million) 
I. Vizhinjam (i) Shrimp (P.st),ii/u(I. 
M.dO/J5Imi. P.illdil:lu) 
(ii) Pearl oyster (P ! UC(l/(I ) 
(iii)Grouper (E.WllI·illu) 
2. Mandapam (i) Shrimp (P. il/diem. 
Psellli.n/Ielitus) 
(ii) Pearl oyster (P !ucaw) 
(iii) Seacucumber (H. sl:ubm) 
(iv) Grouper (E.llIlt l'inu) 
3. Tuticorin (i) Shri mp (P.illdiL·U.f. 
Pst!lIIi.fU lcCltlfS) 
(ii) Pearl oyster (P ./Itel/la) 
(iii)Seacucumber (H .. w:ubm) 
(iv) Grouper (E.ItWI'illll) 
4. Quilon (i) Shrimp (P.sly/i/em. 
M.dob.wlli. P.indieu.f) 
5. Alleppey (i) Shrimp (P .. flylifem. 
M.(/oh,wrli. P.indicus) 
6. Cochin (i) Shrimp (P .. fI),li/eru, 
M.dobslJlJi. P.ilJdku.t) 
7. Minicoy (i) Pearl oyster (P /UI:(/((/) 
(ii) Seacucumber (H .. U·lIbra) 
Tmal: Shrimp = 900 : Pearl oyster = 520 : 
Sea cucumber = 20 ; Grouper = 50 
All Tot.1 = 1490 
8 
160 
16 
24 
160 
10 
18 
36 
180 
8 
16 
330 
172 
330 
20 
2 
to the indigenous structures spread in exte~s i ve 
areas to very sophisticated concrete structures. 
Artificial fi sh habitats are being used at present 
to increase tuna catches in the tropical Pacific, to 
augment demersal fi sh catches in the Southeast 
Asian waters, to provide recreational fishing in 
the USA and to culture shellfish in European 
waters. Artificial reefs are in use over the last 
decade close to artisanai fi shing vill agesaJong the 
districts of Thiruvananthapuram in Kerala and 
Kanyakumari and Chengalput districts in Tamil 
Nadu. Workon efficient design and fabrication of 
artificial reefs has been carried out by (i) the 
Fisheries Cell of the Programme forCommunity 
Development, Thiruvananthapuram, (ii)theSouth 
Table30. Species composition in artificial reefs in 
the Thiruvananthapuram and Kanyakumari district 
coasts 
Local Name 
Uralupara 
Kalman Pain! 
PerumkanllY 
Ayala 
Clathy 
Vala Muml 
Kurali 
Kozhiyala 
Kozhuva Para 
Chakalli P:U"fL 
Pola 
Para 
Kozhuva 
Vela Pam 
KOHan Para 
Vangada 
Komali Para 
Kallu Kanava 
Others 
Species 
Alllle male 
PriacanlhllS cnlentatlls 
Priacanthus /laamrur 
Rastrelliger kallagurta 
Abalistes stellatus 
Odonus niger 
Ahlennes hians 
Lethrinus nebu/OSlls 
Decaplerus russelfi 
Carangoides sp. 
Carangoides sp. 
Lllfjllllll.t IUljar/lls 
Carangoide.~ sp. 
Qtyin % 
in the total 
number of fish 
41.20% 
12.80% 
10.30% 
6.50% 
3.00% 
2.70% 
2.50% 
2.40% 
2 .40% 
2.10% 
1.80% 
CarangouJes gymnostethlu 1.40% 
Carangoides sp. 1.20% 
;.. Carangoides sp. 1.10% 
MegaJaspis cordy/a 1.00% 
Carangoides sp. 1.00% 
SepiA plulra01.is 0.60% 
6.00% 
Total number of fi sh 2.632 
(Spt:Cies less than I % in numbers are included under 'ot hers' 
except cuttlefish) 
Source: Artificial fish habitalli. D'Cruz (1995). 
In d ian Federation of Fishermen , 
Thiruvananthapuram. (iii) The Waves, Madras 
and (iv) the Centre for Research on New 
International Economic Order, Madras. 
D'Cruz ( 1995) observed that the setting up or 
artificial habitats for fi sheries in the vicinity of 
the vi ll ages along the Kanyakumari-
Thiruvananthapuram coasts enabled the fi shermen 
to establish local fi sheries for the low skilled and 
aged fishermen on regular basis and for the 
skilled fishermen on occasional basis during the 
better catching season ofAPH's. It indicates that 
the prime objective oftheconslruction of AFH's 
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is to create convenient and rewarding lishing 
grou nds by establ ishi ng local lisheries, especially 
during the lean fishing season (December 1.0 
March). Hefurthershowed that the rainy season 
(southwest monsoon) and the fair weather 
season (December to February) are the two lean 
seasons creating difficultics 1.0 the fishermen or 
Thiruvananthapuram coast. According to the 
fishermen, though there is better availability of 
tish in the sea during the monsoon. the heavy 
rains and the surf during this season result in 
lower catches. In the fair weather season. little 
or no fish is available in the shallow waters due 10 
the crystal clear non turbid seawater. He also 
observed that in the FAD's half of the total 
species was contributed by Priacanthus' sr. 
(49.72%) and about a quarter was contributed 
by Sepia p/Jaraonis. Evcnthough Priacanrhus 
sp. dominated in terms of numher. (J Sepia sp. 
contributed much higher share In terms or 
weight. Compared to the AR's, FAD's gave beller 
daily income due to the dominance of the high 
Table 31 . Species composition in lish aggregat ing 
devices in the Thiruvananthapuram .. tnd 
Kanyakumari district coasts 
Qty in % 
Local Name Specie.. . in the total 
number or fis h 
Kannan Pola Prian/ll"IIt<~ cru~l/llIll1.~ 49.70% 
f!.1ii(lCanllius h(/II/,."r 
KaLJu Kanava Sepia plwf{lol1is 23.4()% 
Uralupara Alltle male 830% 
Ayala RastrelfiKer kal/aRurta 4.40% 
Clathy Abf.lli.tte.~ sle/lafUs 2.80% 
Odmlll.t lIi}fu 
Mural DII.s.~lflllieri(/ CJcufl/ 1.80% 
Vangada MeKlfla.(pi.f cordy/a 1.20% 
Kozhiya la D~c(/plerus ru.sselli 1.1 (Xl. 
Decuprel"lIs mu(·rO.WlIlll 
Others 7.30% 
Total number of fish 15.41 9 
(Species less than I % in numbers arc included us others ) 
Source: Anificial fish habitats. D'Cruz ( 1995). 
value cuttle lish and squids (Tables 30 & 31). 
It has been observed that since the AFH 's have 
a sign ificant impact on the lisheries of the 
arlisanal fi shing communities, they should be 
encouraged on a largescale with the participation 
of the community in selected villages for the 
benefit of the nonmotorised fishermen who possess 
only limited access to the resources. 
10. Conclusion 
Mariculture provides good opportun ities for : 
( I) seafarming and associated activities of stock 
enhancement through scaranching and artificial 
lish habitatK,<2) land-based saline aquaculture in 
coastal zones usingpump-fedoTlide-fed seawater 
or brackishwater, and (3) hinterland aquaculture 
in saline soil and saline aquifer ecosystems. 
While coastal land-based shrimp aquaculture has 
grown rapidly in the current decade, the 1994-95 
crop failures due to diseases have forced the 
industry LO adopt ceo friendly systems of farming. 
The new approach is essentially of: (I) c losed 
systems of farming coupled with the application 
of biotechnological, bacterial products; and (2) 
integration of compatible candidate species of 
bivalves, fishes, scacucumbers and seaweeds in 
the farming systems. Thecurrent practices have 
the potential to make coastal aquaculture morc 
sustainable from the biological, ecological,legal, 
social and economic points of view. As a result 
of the adoption of these packages of practices the 
industry is set to quickly .revive and yield over 
one lakh lannes of shrimps duri ng 1996 as 
against about 75,000 LOnnes during 1995. There 
is, however, considerable fear of the outcome or 
the Supreme Court case against coastal 
aquaculture. which depends cr itical ly on access 
to the seafront. Seafarming in the opensea and 
the contiguous more protected bays, coves, gulfs, 
lakes. backwaters, lagoons and estuaries, inspite 
of the good potential , remain donnant in India 
mainly because of lack of awareness, issues of 
ownership of sites. opposition from lr~ditional 
tishermen and risks from natural calamities. 
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However, considerable R&D efforts have Deeo 
initiated and private farms are being established 
in the Kerala backwaters (for hivalves and 
seaweeds) and a lso in the open sea in Tamil Nadu 
(for groupe rs and bivalves) and Kcrala (for 
bivalves). Artiiicial fish habital construction 
and operation by the small scale fishermen in 
the inshore fishing grounds has become a success 
in parts of Kerala and Tam il Nadu and is set to 
take off in Maharashlra. Andhra Pradesh and 
Orissa. There is considerahle scope for the 
expansion of the arti ficia l fish hahitat programllle 
in all the maritime states where it has substant ial 
potential to become an industry as in Korea. The 
Indian experience of one percent of searanched 
banana shrimp entering the commercial catch 
from Palk Bay from a mcrcranchingof 10million 
seed ovcr a period of 5 years and the Bohoi Sea 
& Yellow Sea experience of about 96% of 
searanched shrimp entering the commercial 
catch from .a massive stocking programmesuggesl 
that the shrimp stocks in the Indian seas. 
particularly lhcgulfs(GulfofKutch, Cam hay and 
Mannar), bays (BaysofVizhinjam, Palk, Kakinada 
and Waltair) the open Sandhcads off Wesl 
Benoal and the mudbanks of Kerala could be fast 
o 
revived and made very productive by searanching. 
With an annual 8 billion shrimp seed capacity in · 
about 170 hatcheries located along the coasts or 
the maritime states and with only less than half 
this quantity required for current farming, the 
surplus seed cou ld be used for searanching. The 
resource for this purpose could be drawn frolll a 
portion of the present one percent cess on 
marine products export The government of 
India may consider this question and issue the 
necessary guidel ines for the implementation of 
this programme. Purchase of seed at a prefixed 
rate by the government may also serve as a. 
~upporl price in times of slump in pncc. 
Simultaneously. finfish. bivalves. abalones and 
seacucumbers also need to be taken up for 
searanching. 
The hinterland sal ine soi l aq uifer ecosystems are 
now known to have the potentiaito produce at the 
rate of2 to 3 ta nnes of shrimps or marine fish per 
hectare in single c rops of about 6 months. With 
about 8.5 million ha of inland saline ecosystem, 
the coun try has vast scope for progressively 
expanding this activity to commerical scales. 
There is need to accelerate the R&D in this 
regard by in volv ing the State Departments of 
I1sheries and agriculLure, universities, NGO's, 
cooperat ives, farmers' assoc iation and 
entrepreu ners. 
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